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The United States Environmental Protection Agency requires that PRP-lead 
investigations under CERCLA ~ave an approved Quality Assurance Project Plan 
(QAPP) covering environmental measurements. It is the responsibility of the 
Respondents or their representatives to implement minimum procedures so that 
the accuracy, precision, completeness and representativeness of data collected 
are known and documented. 

This QAPP presents the organization, objectives, ~unctional activities and 
speci·fic quality assurance (QA) and quality control (QC} activities associated 

-with the Remedial Investigation/Feasibility Study (RI/FS) at American Chemical 
Services, Inc. in Griffith~_)Ddiana. The QAPP is designed to achieve the 
specific· quality goals of the RI/FS. 

The· QAPP has been prepared using the following guidance documents: 
. . 

U.S. EPA, Region V, December 1985, Preparation of Federal-Lead 
Remedial Investigation Quality Assurance Project Plans for Region V. 

U.S. EPA, December 1980, Interim ~uidelines and Specifications for 
Preparing Quality Assurance Project Plans, QAMS-005/80. 

U.S. EPA, June 1986, Data Quality Objectives for._fhe- RI/FS-Process, 
Doc. No. 9355.0-7A. 

U.S. EPA, Region V, Content Requirements for Qual;ty_l\~surance 
Project Plans prepared by Cheng-Wen Tsai, QAS (Received 3/2/88). 
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The objectives of this Remedial Investigation/Feasibility Study (RI/FS) are to 
evaluate the existence and magnitude of contamination, and recommend a cost 
effective, viable remedial action_alternative(s) for mit~gating the potential 
hazard posed by the site. Tasks are directed toward accomplishing these 
primary objectives. The American Chemical Services, Inc. (ACS) RI/FS is a 
Potentially Responsible Party (PRP) lead investigation. 

3.1 BACKGROUND 

The ACS site is located at 420 South Colfax Avenue, 1/2 mile southeast of 
Griffith, Indiana, in the northeast 1/4 of the southeast 1/4, Section 2, 
Township 35 North, Range 9 West, Lake County Indiana (Figure 1). Although the 
site name is ACS, the United States Environmental Protection Agency (U.S. EPA) 
has defined the site as including the inactive portion of the 31-acre Griffith 
Landfill, the 2-acre Pazmey Corporation site (formerly Kapica Drum, Inc), and 
the ACS property (19 acres). 

On the ACS property is an active hazardous waste storage and treatment 
facility operating under RCRA interim status. From 1955 to at least 1975, ACS 
disposed of hazardous wastes on its property, primarily from on-site chemical 
manufacturing and solvent reclamation operations. Some wastes were accepted 
from off-site sources for incineration in the ACS on-site incinerator. The 
incinerator-generated ash was disposed of on ACS property. 

The Griffith Landfill is an active sanitary landfill operation. Inactive 
portions were reported to have received hazardous wastes from ACS and Kapica 
Drum, Inc. prior to RCRA. Kapica Drum, Inc. was a drum reconditioning 
facility which generated drum residues and rinse water from cleaning drums 
that contained hazardous wastes. Figure 2 summarizes the interrelationship 
between ACS, Kapica Drum, Inc., and the Griffith Landfill based on a review of 
available information. For a more detailed site history, refer to the ACS 
Initial Site Evaluation Report (document number 160-WP1-RT-AUJD-1). 

Previous investigations have detected contaminants in the groundwater, surface 
water/leachate, and soil at some level. The contaminants encompass a broad 
spectrum of volatile organics, extractable organics, and heavy metals. The 
highest reported concentrations of the specific constituents are listed in 
Tables 1, 2 and 3. 
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The topography at the site is almost level in the portion north of the 
railroad and rises slowly from 630 to 645 feet above MSL in the southern half 
of the site. Griffith landfill has excavated about 30 feet of soil to the 
west of the ACS Off-Site Drum Containment Area near the southeast boundary of 
the ACS property, thus modifying the gently sloping topography. A marsh to 
the north of the landfill and west of the ACS property has a surface elevation 
of about 625 feet. The two major soils in the area are the Plainfield fine 
sand and the Maumee loamy fine sand with average hydraulic conductivities of 
1.42 x 10-2 em/sec. 

There are no natural streams in the area of the site, but a marsh does exist 
immediately to the west of the northern half of the site. Man-made drainage 
ditches form the western border of the site and eventually enter Turkey Creek 
one mile to the south. A natural surface water drainage pond is located just 
to the west of the western boundary of the site, and a fire pond, in which 
rainwater is collected to be used in case of a fire at the facility, is 
located about 200 feet to the east. Turkey Creek, a small stream, flows about 
1 mile south of the site and the Little Calumet River is located three miles 
to the north. Because of these natural and man-made features, the groundwater 
flow patterns at the site are not well defined, but the regional groundwater 
flow is reported to be to the northeast in the vicinity of the ACS site. 

Based on existing data, the hydrostratigraphy at the site appears to consist 
of: 

An upper aquifer composed of fine to coarse-grained sand 
with fine to coarse gravel, and small amounts of peat and 
silt, about 20-feet thick. 

~ An intervening silty clay to clay unit containing 
discontinuous lenses of gravel, 15 to 30-feet thick. 

A lower sand and gravel aquifer, 90-feet thick. 

A fourth soil unit consisting of thick, stiff clay is reported in the area, 
but borings indicate it is absent on-site. The deeper sand and gravel unit 
is the major water supply aquifer in the area. The depth to bedrock, which 
consists of interbedded shales and dolomites, is about 130 feet. 

3.2 PROJECT OBJECTIVES AND USE OF DATA 

The RI/FS will be performed to gather and assess information needed to 
accomplish the following objectives: 

/ 
\ 
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Determining if the ACS site poses a risk to public health, 
welf~re, or the environment. 

Determining the characteristics, extent and magnitude of 
contamination at the site. 

Defining the pathways of contaminant migration from the 
site. 

Defining on-site physical features and facilities that 
could affect contaminant migration, containment, or 
cleanup. 

Developing viable remedial action alternatives. 

Evaluating and screening remedial action alternatives. 

Recommending the cost-effective remedial action alternative 
which adequately protects health, welfare and the 
environment. 

All tasks, subta~ks, and activities are directed toward the accomplishment of 
these primary objectives. 

Under the Superfund Amendments and Reauthorization Act of 1986 (SARA), it is 
recommended that the RI/FS are integrated so that parts of each are conducted 
concurrently. Therefore, the project will be conducted in several phases of 
investigation. Each phase will be designed to make optimal use of 
information as it is derived and to produce the information which is 
necessary to complete the FS. Because this approach makes use of the most 
current information, data overlaps and data gaps are minimized. The phased 
approach allows "mid-course" corrections to be made so that the investigation 
will develop in the most efficient and cost-effective sequence. 

3.3 SPECIFIC PROJECT SUBTASKS AND ACTIVITIES 

The activities and subtasks related to the field work are listed below. For 
a complete itemization 6f all tasks, see the Work Plan. 

Phase 1: 

Subtask 1B Survey Site Boundaries 
Subtask 1C Geophysical Survey 
Subtask 1D Surface Water Survey 
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Subtask 2A Characterize Flow System 
Subtask 28 Initial Shallow Sampling 
Subtask 3A Waste Characterization 

Phase II: 

Subtask 4A Groundwater Characterization 
Subtask 48 Soil Contamination 
Subtask 4C Groundwater Transport Model 

Phase III: 

Subtask A Install Wells as Necessary 

REVISION: Draft 
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Subtask 8 Collect Additional Samples as Necessary 

The QAPP is limited to applicable activities within Phases I and II; 
additional phases and the associated QAPP would be developed if and when it 
were to be determined that additional information would be required which had 
not been developed in Phases I and II. The project schedule is shown in 
Figure 3. 

Specific procedures to be used in sample collection for the various sample 
matrixes are outlined in the Sampling Plan (Appendix A). A summary of sample 
numbers and matrices is given in Tables 4 and 5. A summary of sample 
containers, sample volumes, preservation and shipment methods to be used is 
given in Table 6. 

Subtask 18 Survey Site Boundaries 

Activity IB.l Establish Site Grid Boundaries 
The grid will be based upon two perpendicular baselines with a maximum grid
interval of 100 feet. Elevation data will be collected at selected grid 
points. Grid locations will be surveyed to ±1.0 foot using an electronic 
"total station" instrument, which uses an infrared light source to determine 
distances. Ground elevations will be obtained to an accuracy of ±0.1 foot. 
Elevations will also be obtained using the "total station" system. All 
"total station" output is received as LED output. The instrument is 
calibrated on a monthly basis. 

Activity 18.2 Survey Site Boundaries 
All boundary surveys will be conducted by a licensed Indiana surveyor. 
Temporary boundary markers will be installed as necessary in order to easily 
distinguish individual pieces of property. These boundary markers shall be 
marked with a sign so they will be easy to locate in heavy vegetation. 
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A test shall be conducted to determine if geophysical surveys will be 
feasible, due to the presence of railroads, powerlines, metal buildings and 
metal process tanks across and surrounding the site. If feasible, a 
magnetometer survey will be conducted as it has the best probability of 
yielding meaningful data. 

Subtask 1D Surface Water Survey 
A series of 12 bench marks will be established across the site to serve as 
reference points for surface water elevation measurements. The bench marks 
will be referenced to USGS elevations to an accuracy of ±.01 foot. 

Subtask 2A Characterize Flow System 

Activity 2A.1 Monitor ACS Hydraulics 
A water budget will be conducted to account for the total water usage within 
the ACS operation. The total water extracted from on-site wells, or obtained 
from off-site sources will be compared to the water volume discharged to 
sewers. A system may be established to monitor the volume of the effluent 
discharged from plan operations. 

Activity 2A.2a Install Leachate Wells 
Four leachate sampling wells will be installed in the Griffith Landfill. 
Wells will intersect the first saturated layer, and will not penetrate the 
base of the landfill. 

Activity 2A.2b Monitor De-Watering Pumpage 
A system will be installed to monitor the pumpage from the dewatering 
activities at the Griffith Landfill excavation. Water that collects in this 
low area is periodically pumped into a municipal sanitary sewer. 

Activity 2A.3 Install Perimeter Monitoring Wells 
Six monitoring wells will be installed around the perimeter of the ACS site. 
The wells will be constructed with 10-foot screens located to intersect the 
water table. Continuous samples will be obtained from each of these 
boreholes. 
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Activity 2A.3a Test Near Surface Hydraulic Properties 
Three wells will be selected for aquifer testing (slug test, bail tests, or 
pump tests) to provide estimates of the upper aquifer hydraulic properties. 
Criteria to select representative aquifer conditions will include saturated 
thickness and grain size. 

Subtask 2A.4 Install Piezometer Grid 
A series of about 40 temporary piezometers will be installed by jetting to 
provide additional data on the groundwater elevation. Piezometers will be 
located on approximately a rectangular grid. It is anticipated that water 
levels will be measured at least twice during the course of Phase I and at 
least once during Phase II. No water quality samples will be obtained. 

Activity 2A.5 Model Groundwater Flow System 
Since two aquifers will ultimately be analyzed, it is anticipated that the 
USGS Three-Dimensional Groundwater Flow Model (Modflow) will be used. The 
model can simulate stresses to the aquifer{s) by actions such as: flow from 
external sources, flow to wells, areal recharge, evapotranspiration, flow to 
drains, and flow through river beds. At this point in the investigation, the 
modeling effort will be limited to the upper aquifer system. 

Subtask 28 Initial Shallow Sampling 

Activity 28.1 Effluent Sampling 
It is anticipated that four samples of the effluent waste streams will be 
collected using a timed sampling device or a device activated by portable 
detection equipment, such as pH meters or Organic Vapor Analyzers (OVAs). 

Activity 28.2 Groundwater Sampling for the Perimeter Wells and Leachate 
Wells 
A water sample will be obtained from each of the six perimeter wells, and 
four leachate wells. Additional samples from two perimeter wells and the 
leachate well samples will not be filtered prior to analysis for metals and 
cyanide. 

Activity 28.3 Surface Water and Sediment Sampling 
Eleven samples of surface water and sediments will be collected. Sampling 
will proceed from the furthest downstream location to the furthest upstream 
location, as applicable, to minimize contamination from sediments disturbed 
in the sampling process. The water sample will be obtained first at a given 
location for the same reasons. 
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Activity 3A.1 Soil Borings, Test Pits and Surface Soil Sampling 
The source characterization activities include surface soil sampling, 
drilling of 14 soil and waste borings and excavation of six waste pits. 
Chemical analysis will be performed on 48 investigative samples. 

Subtask 4A Groundwater Characterization 

Activity 4A.1 and 4A.2 Well Installation and Aquifer Testing 
It is anticipated to at least eight, and up to 12 new monitoring wells will 
be installed. Four wells will be completed in the upper portion of the lower 
aquifer and at least four wells (up to eight) will be installed in the lower 
portion of the shallow aquifer. The location and number of wells will be 
determined based on the results of Tasks 2 and 3. Slug tests will be 
performed on the four lower aquifer wells and four of the new upper aquifer 
wells. If indicated, a pump test might be performed. 

Activity 4A.3 On-Site Well Sampling and Private Well Sampling 
A water sample will be obtained from all of the on-site wells (up to 18 wells 
total) and ten private water supply wells. All private well samples and up 
to five additional on-site well samples will not be filtered prior to 
analysis for metals and cyanide. Another round of sampling of on-site wells 
is anticipated with up to 9 wells being sampled for the complete TCL and the 
remaining being sampled for a reduced parameter list approved by the U.S. 
EPA. 

Subtask 4B Soil Contamination 
Based on the results of work conducted in Task 3, it is anticipated that 
additional drilling and sampling will be conducted. Up to 20 samples may be 
collected for analysis of those compounds detected at each location in Phase 
I sampling. 

Subtask 4C Groundwater Transport Model 
The flow model developed under Activity 2A.5 may be expanded to include the 
lower aquifer and contaminant transport. If modeling is conducted, the 
proposed model and associated assumptions will be submitted to the U.S. EPA 
for review and approval. 
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A schedule of activities of deliverables for the ACS RI is presented in 
Figure 3. The final RI report should be complete within 12 months after the 
project begins. 
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

4.1 OVERALL RESPONSIBILITY 

Authorized PRP Representatives 
Andrew Perellis, Esq. 
ACS Steering Committee 

· Barbara Magel, Esq. 
ACS Steering Committee 

PRP Project Coordinator 
·Joseph D. Adams, Jr., PE 

Warzyn Engineering, Inc. 

Principle Investigator 
· Peter Vagt, Ph.D. 

Warzyn Engineering Inc. 

U.S. EPA Remedial Project Manager 
· Karen Waldvogel 

U.S. EPA, Region V 

· RI/FS Reports and technical memoranda prepared 
by Warzyn Engineering Inc. 

4.2 MONITORING AND SAMPLING OPERATIONS AND OC 

Principal Engineering Firm - Warzyn Engineering Inc. 
· Drilling - to be determined through bidding process 
· Sampling, Monitoring and Survey- Warzyn Engineering Inc. 
· Quality Control 

- Richard W. Maurer, Warzyn Engineering Inc. 
(Quality Assurance Officer or his designate) 

4.3 LABORATORY ANALYSIS AND OC . 

Analysis of groundwater, soils, and leachate samples for Target 
Compound list (TCL) organics (see Appendix B for analyte list) 

- Hazleton Laboratory 
3301 Kinsman Blvd. 
Madison, WI 53704 

Analysis of groundwater, and leachate samples for Target Compound List 
(TCL) inorganics (see Appendix B for analyte list) and general water 
quality indicator parameters including COD, TOC, total suspended 
solids, total dissolved solids, nitrate - nitrite, alkalinity, 
chloride, sulfate and ammonia. 
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- Warzyn Engineering Inc. 
One Science Court 
Madison, WI 53711 
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Analyses of soil samples collected during Activity 2A.3, 4A.1, 4A.2 
will be evaluated for Atterberg limits, grain size, permeability and 
moisture content, and cation exchange capacity. 

- Warzyn Engineering Inc. 
One Science Court 
Madison, WI 53711 

4.4 SPECIALIZED RESPONSIBILITIES FOR LABORATORY SERVICES 

Hazleton Laboratory Data 

- Analytical protocol specified - Warzyn Engineering Inc. 
- Review of analytical protocol - Hazleton 
- Review of analytical protocol - U.S. EPA Region V Quality 

Assurance Section {QAS) and Central Regional Laboratory {CRL), 
Contract Program Management Section (CPMS). 

- Review and approval of performing laboratory - U.S. EPA Region V, 
CRL, CPMS 

- Internal QA/QC-Hazleton staff 
- Final data review and validation - Warzyn Engineering Inc. 
- Review of tentatively identified compounds and assessment of need for 

confirmation - Warzyn Engineering Inc. 

Warzyn Data 

- Review of analytical specifications - U.S. EPA 
Region V QAS and CRL, CPMS 

- Review and approval of performing laboratory - U.S. EPA Region V CRL, 
CPMS 

- Internal QA/QC - Warzyn Engineering Inc. 
- Final data review and validation - Warzyn Engineering Inc. 

4.5 QUALITY ASSURANCE 

Overall QA Responsibility 
- Warzyn Quality Assurance Officer 

QA for Warzyn Subcontracted Activities 
- Warzyn Engineering Inc. 

Review of QAPP 
- U.S. EPA Region V QAS and CPMS, CRL 
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· Field Analyses 
- Warzyn Engineering Inc. 

4.6 PERFORMANCE AND SYSTEMS AUDITS 

· Field Operations 
- QAO, Warzyn Engineering Inc. 
- U.S. EPA Oversite Contractor 

· Analytical Laboratories 
- U.S. EPA CPMS, CRL 

Final Evidence File Audits 
- QAO, Warzyn Engineering Inc. 

An organizational chart is shown in Figure 4. 
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5.0 QUALITY ASSURANCE OBJECTIVES 

The overall quality assurance objectives are to implement field sampling, 
chain-of-custody, and quality control reporting procedures that will provide 
legally defensible data from laboratory analyses in a court of law. Field 
analyses, including screening of samples for VOCs 'with an HNu and non
intrusive geophysical measurements, are being made primarily to aid in site 
selection for more detailed observations and analyses. Quality control 
objectives for these data, as well as those collected for health and safety 
purposes, are to obtain reproducible data consistent with limitations imposed 
by measurement methods used. 

Specific procedures to be used for sampling, chain-of-custody, calibration, 
laboratory analyses, data reporting, internal quality control, audits, 
preventative maintenance, and corrective actions are described in other 
sections of this QAPP. This section (5.0) defines goals for the QC effort 
(accuracy, precision, and sensitivity of analyses and completeness, 
representativeness, and comparability) for data from analytical laboratories 
and presents quality control objectives for field measurements. 

5.1 LEVEL OF QUALITY CONTROL EFFORT 

5.1.1 Field Sampling Program 
The quality of data from the field sampling program for laboratory analyses 
will be evaluated through the collection of field duplicates, field and trip 
blanks. Duplicates will be used to assess the combined effects of sample 
collection, handling and analysis on data precision. The general level of 
effort for all matrices will be one field duplicate per 10 investigative 
samples. Where appropriate, field blanks will be collected at a frequency of 
one per group of 10 or fewer samples per sample matrix per day. Blank samples 
will serve to check for procedural contamination or ambient conditions at the 
site that may result in apparent contamination of samples. Field blanks for 
leachate and groundwater samples will consist of deionized water passed 
through decontaminated sampling equipment. Field blanks for groundwater 
samples requiring filtration (TCL inorganics and indicator parameters) will 
consist of deionized water passed through a decontaminated filtering 
apparatus. 

A trip blank (consisting of two 40 ml VOA vials filled with DI water and 
preservative) will be included with each shipment of samples for volatile 
analysis. The purpose of a trip blank is to assess cross contamination in the 
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shipment cooler of samples targeted for volatile organic analysis. Trip 
blanks will not be analyzed unless the field blank shows contamination. The 
trip blank will not be opened, but remain sealed from the time it is taken 
from the laboratory. A shipment is to be considered a shipping unit, i.e. a 
single cooler. 

5.1.2 Laboratory Analyses 
Analyses of leachate, groundwater, and soil samples for EPA Target Compound 
List (TCL) organics (see Appendix 8 for analyte list) will be performed based 
on Contract Laboratory Program (CLP) protocols. Levels of QC effort for these 
analyses are described in CLP Statement of Work SOW-7/87 or most recent. 
Additional volume of samples will be collected to perform the matrix spike and 
matrix spike duplicate at a frequency of one per twenty investigative samples. 
Levels of QC effort for TCL inorganics and general water quality indicators 
are described with methods in Appendix D. Quality control samples for these 
analyses include laboratory blanks, laboratory duplicates, calibration, and 
verification standards. Performance criteria for these analyses are included 
with the method descriptions. 

Samples collected from private water supply wells will be analyzed for EPA TCL 
(Appendix 8). These samples will be analyzed using methods described in 
Appendices C and D which provide lower detection limits. The level of 
laboratory QC is described in the individual methods in Appendices C and D. 

Levels of QC effort for physical analyses of soil samples for Atterberg 
limits, grain size, moisture content and permeability are given with methods 
descriptions in Appendix D. 

5.1.3 Field Measurements 
lltl 
Level of QC effort for field measurement of pH will consist of precalibration 
using two buffer solutions and calibration verification at regular intervals 
(at least every ten samples), as outlined in Appendix E. 

Specific Conductance 
Level of QC effort for specific conductance measurements will consist of 
initial and continuing calibration verification (at least every ten samples) 
using a standard solution of known conductivity, as outlined in Appendix F. 

---- ------------------
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Level of QC effort for geophysical measurements will be limited to duplication 
of measurements to assure consistent response and periodic calibration 
verification, if applicable. If response of repeated measurement is 
inconsistent, data will be considered unusable. 

Water Elevation 
Water elevations will be measured using an electronic water level indicator or 
sounding device and fiberglass tape. Both devices make an audible sound in 
contact with liquid and will be used as a basis for measuring depth to 
groundwater. Quality control effort will be limited to averaging repeated 
measures at each measurement location. 

Air Monitori nq 
Level of QC effort for air monitoring and sample screening for the 
photoionization meter (HNU PI-101) and the Monitox unit will be limited to 
daily calibration. Method of calibration for both instruments are specified 
in Appendices G and M. 

5.2 ACCURACY, PRECISION AND SENSITIVITY OF ANALYSIS 

The QA objectives of analyses with respect to accuracy, prec1s1on and 
sensitivity are to achieve acceptable data based on specified performance 
criteria. Accuracy and precision requirements and method detection limits for 
CLP-based analyses to be performed on leachate, groundwater, soil and waste 
samples are described in CLP Statement of Work SOW-7/87 (or most recent 
version) for TCL organics and are described in Appendix D for TCL inorganics. 
Accuracy and precision definitions and stated performance criteria for 
analysis of water and leachate samples for general water quality indicator 
parameters are included with method descriptions in Appendix D. The accuracy, 
precision, and sensitivity criteria for analysis of samples from private water 
supply wells are located with the individual methods in Appendices C and D. 

Accuracy of field measured pH will be judged from agreement of instrument 
readings with standard buffer solutions. Agreement with standards will be 
within 5% of expected value and field measurements will be made to 0.01 unit. 
Measurement precision will be estimated by periodically (1 per 10 samples) 
making duplicate readings of samples. If the unit fails to calibrate it will 
be replaced. 
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Accuracy of the conductivity meter will be assured by daily calibration 
verification with a check standard. If readings vary more than 5% from 
expected values, the unit will be replaced. 

Data needs for geophysical measurements require the ability to detect 
differences on a consistent relative scale. Hence, in most cases an absolute 
calibration is not required. However, where applicable, instruments will be 
calibrated prior to use or be checked using manufacturer's suggested test 
procedures to assure proper and consistent operation. 

Accuracy of field instruments (HNu, Monitox) used for sample screening and 
health and safety purposes will be assured by daily calibration. If units 
fail to calibrate, they will be replaced. 

5.3 COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY 

It is anticipated that at least 95% of the analyses will provide results 
meeting acceptance criteria. If required performance criteria are not met by 
performing laboratories, they will re-analyze samples if holding times permit. 
If holding times are exceeded, the performing laboratory will inform the 
Warzyn project manager as soon as possible, so that a decision whether to re
sample or to accept data with limitations noted can be made. 

Sampling, preservation and analysis methods are designed to provide results 
representative of the matrix at the sampling point. Analytical methods used 
will provide comparable data with respect to both analytical methodology and 
level of QC effort which will supplement prior data collected at the site. 
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Specific sampling procedures to be used are documented in the Sampling Plan 
(Appendix A). Containers, preservatives, holding times, transport and storage 
methods are summarized in Table 6 of the QAPP and Table 3 of the Sampling 
Plan. 

Documentation of use of specific procedures in the Sampling Plan will be made 
by initialed entries in the field logs book by the sampling team leader. 
These shall include, but not be limited to, such operations as decontamination 
of sampling equipment between sampling locations. 
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7.0 SAMPLE CUSTODY AND DOCUMENTATION 

Sample documentation for field samples will follow chain-of-custody procedures 
including the use of chain-of-custody forms, sample container tags, custody 
seals, sample identification records and field notebooks. All samples will be 
collected under chain-of-custody procedures. The latter will include sampling 
time, location, tag numbers, samplers, pertinent PID readings, weather 
conditions, and any field modifications of sampling strategy. Standard forms 
including chain-of-custody record forms, sample labels, sample identification 
record forms, and chain-of-custody seals will be maintained throughout the 
RI/FS sampling activities. 

A copy of the chain-of-custody form to be used is shown in Figure 5. Form 
requirements: 

One form per shipping container 
Carrier service does not need to sign form is custody seals 
remain intact during shipment. 
Use for all samples. 

An example of the chain-of-custody seal to be used for sample shipping is 
shown in Figure 6. Seal requirements: 

Two (2) chain-of-custody seals per shipping container 
attached to the cooler lid to provide evidence that samples 
within have not been tampered with. 
Cover seals with clear tape prior to shipping sample 
containers. 
Record chain-of-custody seal numbers on chain-of-custody 
forms as well as sample identification record forms. 

A copy of the sample label to be used is shown in Figure 7. Label 
requirements: 

Each sample container must have a sample label affixed to 
it. label will specify sample date, parameters for 
analysis and preservative used. 
Record sample label numbers on the chain-of-custody form 
and sample identification record form. 
Use for all samples. 

An example of the Sample Identification Record Form to be used is shown in 
Figure 8. The form is to provide the means of recording shipping and 
tracking information. The form will include information such as: 
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The documentation accompanying the samples shipped to the laboratory will be 
sealed in a plastic bag taped to the inside of the cooler lid. The lid of 
the sample cooler will be securely taped shut prior to shipment. Once in the 
laboratory's possession, sample custody will be the responsibility of the 
laboratory sample custodian. 

Original field notes and field documents will be maintained by Warzyn in a 
final evidence file. Original deliverables for analyses performed by 
Hazleton and Warzyn will also be contained in this file. Format and 
maintenance of the Warzyn's final evidence file are given in Appendix I. 

Internal chain-of-custody procedures for Hazleton laboratories will follow 
those described in Appendix J. 

Internal chain-of-custody procedures for Warzyn's laboratory are as follows. 
Samples are delivered to Warzyn's laboratory under chain-of-custody. A 
designated sample custodian accepts custody of the shipped samples and 
verifies that the chain-of-custody seals have not been broken. The sample 
custodian reviews the information on the sample tags/labels with that on the 
chain of custody records. Pertinent information as to shipment, pickup, 
courier, etc., is entered in the remarks section. The custodian then enters 
that sample tag/label data into a bound logbook which is arranged by project 
code and station number. The sample custodian must acknowledge receipt on 
the chain-of-custody form. Any comments pertaining to the shipment should be 
made under "Remarks". 

The sample custodian will use the sample tag/label as identification 
information to assign a unique sequential' laboratory number to each sample. 
This laboratory number is entered on the chain-of-custody form. The 
information is logged on to the laboratory logbook. The sample custodian 
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will transfer samples to the proper analyst or store the sample in the 
appropriate refrigerator. The chain-of-custody and testing request forms are 
forwarded to the laboratory supervisor. 

The laboratory is a secured area with strict limited access. Data files and 
doors are locked daily. Laboratory personnel are responsible for the care 
and custody of samples from the time they are received until the sample is 
returned to the custodian or refrigerated. 

When sample analyses and necessary quality assurance checks have been 
completed by the laboratory or after a 3-month time period, whichever is 
longer, the unused portion of the sample will be disposed of properly. 
Identifying tags, data sheets, and laboratory records shall be retained as 
part of the permanent documentation ~f the project and forwarded to the 
Warzyn Engineering Inc. Project Manager for inclusion in the evidentiary 
file. 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

Calibration of pH and specific conductance meters are detailed in Appendices E 
and F, respectively. Standard solutions will be used to calibrate the 
instruments at least every ten samples. 

Calibration of the HNu Pl-10 (photoionization meter}, will follow procedures 
recommended by the manufacturer (see Appendix G). The HNu will be calibrated 
to read in benzene equivalents at the beginning of each working day using 
calibration gas (isobutylene} supplied by HNu. 

Calibration of the Organic Vapor Analyzer (OVA) will follow the procedures 
outlined in Appendix Hat the beginning of each day of use. 

HCN Monotox detectors will be checked for accuracy each working day prior to 
use (Appendix M). If the detector fails to calibrate, it will be replaced. 

Instruments used for geophysical survey will be calibrated or will undergo 
internal systems checks, as appropriate, prior to use using methods 
recommended by the manufacturer. 

Procedures and frequency of calibration of laboratory instruments are detailed 
in Appendices C, D, and the CLP Statement of Work SOW 7/87 (or most recent 
version.) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Quality Assurance Project Plan 
American Chemical Services RI 

9.0 ANALYTICAL SERVICES 

9.1 HAZLETON 

9.1.1 Analytical and Calibration Procedures 

REVISION: Draft 
DATE: September 28, 1988 
Page 27 

Samples analyzed by Hazleton for TCL volatiles, semi-volatiles, and pesticides 
(see Appendix B for analyte list) will follow CLP protocols outlined in the 
CLP Statement of Work SOW 7/87 (or most recent version). Samples from private 
water supply wells analyzed by Hazleton for organic parameters will follow the 
procedures ~utlined in Appendix C for analysis and calibrat1on. 

9.2 WARZYN 

9.2.1 Analytical and Calibration Procedures 
Samples analyzed by Warzyn for TCL inorganic parameters (see Appendix B for 
analyte list) will follow the· CLP protocols outlined in the CLP Statement of 
Work SOW 7/87 (or most recent version). 

Samples analyzed by Warzyn for indicator parameters will follow the procedures 
outlined in appendix D. 

Samples analyzed by Warzyn from private wells for inorganic parameters will 
follow the procedures outlined in Appendix D. 

Samples for geotechnical analysis analyzed by Warzyn will follow the 
procedures outlined in Appendix D. 

/ 
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10.0 INTERNAL QUALITY CONTROL CHECK 

Internal quality control procedures are an integral part of the analytical 
methods and are, therefore, discussed in detail in the descriptions of the 
analytical procedures (CLP Statement of Work SOW-7/87 (or most recent version) 
and Appendices C and D). 

The overall objectives of the internal quality control checks are to verify 
the established precision, accuracy and integrity of the methodology and to 
support the technical validity of the data. Where appropriate, internal 
quality control checks for other than CLP-based analyses will include method 
blanks, laboratory duplicates, laboratory control spikes, and matrix spike 
analyses. Required frequency and performance criteria for these analyses are 
listed with method descriptions in Appendices C, D, and in the CLP SOW-7/87 
(or most recent version). 
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11.0 DATA REDUCTION, VALIDATION AND REPORTING 

Specific procedures for the identification and quantification of sample 
parameters for EPA TCL constituents are covered in CLP Statement of Work 
SOW-7/87 (or most recent version). Data reduction for non-CLP parameters are 
covered in the method descriptions found in Appendices C and D. 

Data validation will be performed by Warzyn. Assessment of organics data will 
be performed using guidelines developed in Technical Directive Document No. 
HQ-8410-01, laboratory Data Validation, Functional Guidelines for Evaluating 
Organic Analyses, February 1988. Inorganics data assessment will be performed 
based on guidelines in laboratory Data Validation, Functional Guidelines for 
Evaluating Inorganics Analyses, November, 1985. 

Data validation for the non-CLP based analyses is,based on the guidelines 
cited above and on comparisons with the QC levels and criteria specified with 
the methods (Appendices C and D). 

Deliverables are as specified in the CLP Statement of Work (SOW-7/87) for the 
TCL organics. Deliverables are stated in the methods descriptions in 
Appendices C and D for inorganics, general water quality parameters, and 
private water supply well parameters. 
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12.0 PERFORMANCE AND SYSTEM AUDITS 

The Region V CPMS, CRL will audit the performing laboratories as a basis for 
approval or disapproval of the laboratory for the requested analyses. 
Performance audits are to be made as specified in the appropriate CLP SOW for 
analyses by CLP protocols. 

Performance audits with independent QC samples are to be performed as 
specified in methods descriptions in Appendices C and D for TCL parameters, 
general water quality indicator parameters, and private water supply well 
parameters. 

Evidence audits are the responsibility of the Warzyn Quality Assurance Officer 
(QAO) or his designate and are described in Appendix I. Field audits will be 
the responsibility of the EPA oversite contractor. 
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Preventative maintenance procedures for field instrumentation are detailed in 
instrument manuals in Appendices E through H, K, L and M. 

Maintenance procedures for laboratory instrumentation and equipment associated 
with CLP protocols are referenced in the CLP Statement of Work SOW-7/87 (or 
most recent version). The method descriptions found in Appendices C and D 
contain preventive maintenance procedures for instrumentation and equipment 
associated with the laboratory analysis. 
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14.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, 
ACCURACY AND COMPLETENESS 

Assessment of accuracy, precision and completeness for analyses based on CLP 
protocols will follow specifications stated in the CLP Statement of Work 
SOW-7/87. Accuracy and precision definitions for analysis of water samples 
for general water quality and private water supply well parameters are 
specified in the method descriptions found in Appendices C and D. 

Assessment of accuracy, precision and completeness of analytical data is based 
on the acceptable result of QC samples. Where appropriate these include 
blanks, duplicate samples, laboratory control spikes and matrix spike 
duplicates. 

Method, field and trip blank results are expected to provide a measured value 
that is less than or equal to the reported detection limit. 

Field and laboratory duplicate sample results are assessed based on relative 
percent difference (RPD) between values, using the following equation: 

D1 - D2 
RPD = ---------- x 100% 

(D1 + D2)/2 

D1 = first sample value 
D2 = second sample value (duplicate) 

Laboratory control spikes results are assessed based on the percent recovery 
(%R) of fortified analytes. Percent recovery is calculated using the 
following equation: 

Qd X 100% 
%R = 

Qa 

Qd Quantity determined by analysis 
Qa = Quantity added to sample 

! . 

I, 
I 
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Matrix spike/matrix spike duplicate data are assessed based on recovery of 
fortified analytes using the following equation: 

(SSR - SR) 
Matrix Spike Percent Recovery = --------- x 100% 

SSR = Spike Sample Results 
SR = Sample Result 
SA = Spike Added 

SA 

Relative percent difference (RPD) between the matrix spike and matrix spike I duplicate is calculated using the following equation: 

I 
I 
I 
I 
I 
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D1 - D2 
RPD = ---------- x 100% 

(D1 + 02)/2 

D1 first sample value 
D2 second sample value (duplicate) 

I. 
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If quality control audits result in detection of unacceptable conditions or 
data, the Warzyn QAO will be responsible for developing and initiating 
corrective action. Corrective action may include: 

Re-analysis of the samples, if holding time criteria permits; 
Resampling and re-analysis; 

· Evaluating and amending sampling and analytical procedures; and 
· Accepting data, acknowledging level of uncertainty. 
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16.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

Separate QA reports are not anticipated. The final RI report will contain 
separate sections that summarize data quality. 

I. 
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TABLE 1 
GROUNDWATER CHARACTERISTICS 

Compound 

Benzene 
Toluene 
Vinyl Chloride 
Chloroethane 
Ethyl benzene 
1,2 Transdichloroethylene 
Methylene Chloride 
1,1 Dichloroethane 
1,2 Dichloroethane 
1,2 Dichloropropane 
Trichloroethylene 
Phenol 
2,4 Dimethylphenol 
bis (2-Chloroethyl) ether 
1,1,1-Trichloroethane 

Range (mq/1) 

<0.005-291,2 
ND-351 
<0.005-362 
<0.005-9801 
ND-101 
<0.005-341 
<0.005-2.22 
<0.005-1.32 
ND-0.672 
ND-0.742 
ND-0.0392 
ND-0.751 
ND-0 .141 
ND-3271 
<0. 005-1.11,2 

1 Ecology and Environment Well Sampling Results, November 3, 1982. 

2 

3 

Phase I Report, Preliminary Hydrogeological Assessment, American Chemical 
Services, Colfax Avenue, Griffith, Indiana, ATEC Associates, 1/15/86. 

ND = Not Detected 
mg/1 =milligrams per liter 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE 2 
LEACHATE/SURFACE WATER CHARACTERISTICS 

Compound 

Naphalene 
Phenol 
Oiethylphthalate 
Phenenthrene and Anthracene 
Oi-n-butylphthalate 
bis (2-ethylhexyl) phthalate 
bis (2-chloroethyl) ether 
Oimethylphthalate 
(2-ethhoxy) ethyl acetate 
2-(hydroxymethyl)-1-pentanol 
trimethyl-2-cyclohexen-1-one 
n-methyl-2-pyrrolidone 
1-(2-but oxyethoxy) ethanol 
2-ethylhexanoic acid 
methyl pheno 1 ( 2) 
ethylphenols (3) 
dimethylphenols (3) 
pentylphenol 
methoxytrimethylphenol 
dimethyl benzenedicarboxylate 
2,2,4-Trimethyl-3-cyclohexene 
-!-methanol 
2-(2-methoxy-1-methylethoxy) 
-!-propanol 
1,1-oxybis-2-chloroethane 
3,3-5-trimethylcyclohexene 
Benzene 
Ethyl benzene 
Toluene 
lOX 

Range (ug/1) 

<0.1 - 291 
1.1 - 351 

<0.4 - 101 
<1 - 0.11 

0.4 - 211 
5.4 - 51o1 

<0.1 - 3ool 
<0.1 - 2,3001 

NO - 17, 0001 , 3 
NO - 40,0001,3 
NO - 36,0001,3 
NO - 11 , 0001 , 3 
NO - 6,8001,3 
NO - 4, 1001,3 
NO - 57,ooo1,3 
NO - 5a,ooo1,3 
NO - 15,0001,3 
NO - 4,1001,3 
NO - 11 , 0001 , 3 
NO - 5,3001,3 
NO - 1,7001,3 

No - 5ool,3 
NO - 531 3 

' NO - 4601,3 
16501,3 
302 
13402 
57402 
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Metal/Cyanide 

Cadmium 
Chromium 
Nickel 
lead 
Mercury 
Cyanide 

----------

TABLE 2 (Continued) 
SURFACE WATER/LEACHATE CHARACTERISTICS 

Range (ug/1) 

< - 1841 
<5 - 2541 

<30 - 5441 
<30 - 2821 

<0.1 - o.81 
<5 - 961 

I Notes 

I 
I 
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1 

2 

3 

4 

Organic Analytical Results for samples collected at American Chemical 
Services and Griffith landfill, Griffith Park, Indiana, May 9, 1980, U.S. 
EPA, CRL, Organic laboratory section, 6/13.80. 

letter: AlEC Associates to l. Rundio, May 2, 1986 transmitting results 
from March 1986 Sampling. 

Tentatively Identified Compounds (TIC) 

ug/1 =micrograms per liter 
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TABLE 3 
SEDIMENT CHARACTERISTICS 

Compound 

Phenol 
lsophorone 
Napthalene 
Flourene 
Phenanthrene and Anthracene 
Di-n-butylphthalate 
bis (2-ethylhexyl) phthalate 
butyl benzyl phthalate 

methylnapthalenes 
dimethylnaphalenes 
dipheylenther 

Metals/Cyanide 

Cadmium 
Chromium 
Ni eke 1 
Lead 
Mercury 
Cyanide 

Notes 

ug/kg = micrograms per kilogram 
ug/g = micrograms per gram 

Rangel ( uq/kq )· 

<1400 - 26 
<700 - 6.2 
21 - 12,000 
<7,400 - 1,000 
26 - 1,400 
11 - 1,100 
71 - 110,000 
117 - 8,300 

NO - 32,0002 
NO - 22,0002 
ND - 3,8oo2 

Rangel (ug/g) 

<0.2 
8 - 11 
5 - 9 
14 - 15 
.036 - .049 
<0.3 

--~------

1 Organic Analytical Results from samples collected at American Chemical 
Services and Griffith Landfill, Griffith Park, Indiana, May 9, 1980. 
U.S. EPA, CRL, Organic Laboratory Section 6/13/80) 

2 Tentatively Identified Compounds (TIC) 
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TABLE 4 

SUMMARY OF PHASE I SOURCE CHARACTERIZATION 
SAMPLING AND ANALYSIS PROGRAM 

No. of 
Investigative No. of 

-

S!ll!!?le Matrix1 Laboratory Laboratory Parameters2 ~ Field Duplicates 

~aste Pits 

Natural Soils 
-~aste Pit 

~aste Borings 

Natural Soils 
-~aste Borings 

Soil Areas 

Soil Borings 

.!!ill! 

Hazleton 
Hazleton 
Hazleton 
~arzyn 

~arzyn 

Hazleton 
Hazleton 
Hazleton 
~arzyn 

~arzyn 

~arzyn 

Hazleton 
Hazleton 
Hazleton 
~arzyn 

~arzyn 

Hazleton 
Hazleton 
Hazleton 
~arzyn 

~arzyn 

~arzyn 

Hazleton 
Hazleton 
Hazleton 
~arzyn 

~arzyn 

Hazleton 
Hazleton 
Hazleton 
~arzyn 

~arzyn 

TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL metals 
Cyanide 
Volatile Residue 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
Volatile Residue 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL metals 
Cyanide 

1 Saq>les will be considered low or mediun concentration. 

6 -
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 1 
8 1 
8 1 
12 2 
12 2 
12 2 
12 2 
12 2 

2 See Appendix B for TCL Analyte lists- also up to 30 tentatively identified compounds. 
3 Saq>le numbers do not reflect the additional volunes required for matrix spike/matrix 

spike duplicate analysis. 
Field and trip blanks are not required for soil/waste samples. 

- - -

No. of Matrix Spike/3 
Matrix Spike Duplicates 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 

4 
5 Qualitative screening with HNu or OVA will be done for investigative and duplicate samples only. 

-

Total No. 
of Sanples 

8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
9 
9 
9 
9 
9 
10 
10 
10 
9 
9 
9 
10 
10 
10 
9 
9 
14 
14 
14 
14 
14 

- - -
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TABLE 5 

SUMMARY OF SITE CHARACTERIZATION SAMPLING AND ANALYSIS PROGRAM 

No. of Matrix Spike/(4) 
Study(3) Investigative No. of Field No. of Matrix Spike Total No. of s..,le<1> Laboratory 

Field Blanks Duplicate Sanples Parameters,2, 5 ~ ~ Sanples Duplicates ~ Laboratoa 

GrOU'ldwater Hazleton TCL Volatiles 6 1 1 9 
2A 18 2 2 23 
2B * * 

Hazleton TCL Semi·Volatiles 1 6 1 9 
2A 18 2 2 23 
2B * * 

Hazleton TCL PCB/Pesticides 1 6 1 1 9 
2A 18 2 2 23 
2B * * 

Warzyn TCL Metals (Dissolved) 1 6 1 1 0 8 
2A 18 2 2 0 22 
2B * * 

Warzyn TCL Metals (Total), TSS 1 2 0 4 
2A 5 0 7 
28 * * 

Warzyn Cyanide (Filtered) 1 6 1 1 0 8 
2A 18 2 2 0 22 
2B * * 

Warzyn Chloride, Alkalinity, 1 6 0 8 
Sulfate 

2A 18 2 2 0 22 
2B * * 

Warzyn Ammonia, Nitrate·Nitrite, 1 6 0 8 
TOC, COO 

2A 18 2 2 0 22 
2B * * 

Warzyn Total Dissolved Solids 1 6 1 0 8 
2A 18 2 2 0 22 
2B * * 

Surface Water Hazleton TCL Volatiles 1 11 2 2 16 
Hazleton TCL Semi-Volatiles 1 11 2 2 16 
Hazleton TCL PCB/Pesticides 1 11 2 2 1 16 
Warzyn TCL Metals (Total) 11 2 2 0 15 
Warzyn Cyanide (Unfiltered) 11 2 2 0 15 
Warzyn Chloride, Alkalinity, 11 2 2 0 15 

Sulfate 
Warzyn Ammonia, Nitrate-Nitrite, 11 2 2 0 15 

coo 
Sediment Hazleton TCL Volatiles 11 2 2 16 

Hazleton TCL Semi-Volatiles 11 2 2 16 

--------
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TABLE 5 (Continued) 

SUMMARY OF SITE CHARACTERIZATION SAMPLING AND ANALYSIS PROGRAM 

No. of Matrix Spike/(4) 
Sample(1) Laboratory Stucty(3) Investigative No. of Field No. of Matrix Spike Total No. of 
Matrix Laboratory Parameters(2,5) Phase Sarrples Duplicates Field Blanks Duplicate ~ 

Hazleton TCL PCB/Pesticides 11 2 2 1 16 
IJarzyn TCL Metals 11 2 2 D 15 
IJarzyn Cyanide 1 11 2 2 D 15 

Private Hazleton TCL Volatiles 2 10 1 13 
IJells Hazleton TCL Semi-Volatiles 2 10 1 13 
(low Hazleton TCL PCB/Pesticides 2 10 1 13 
Detection IJarzyn TCL Metals (Total> 2 10 0 12 
Limits) IJarzyn Cyanide (Unfiltered) 2 10 0 12 

IJarzyn Chloride, Alkalinity, 2 10 0 12 
Sulfate, 

IJarzyn Ammonia, Nitrate-Nitrite, 2 10 0 12 
coo 

Leachate Hazleton TCL Volatiles 4 7 
IJells Hazleton TCL Semi-Volatiles 4 7 

Hazleton TCL PCB/Pesticides 4 1 7 
IJarzyn TCL Metals (Total) 4 0 6 
Warzyn Cyanide (Unfiltered) 4 0 6 
IJarzyn Chloride, Alkalinity, 4 0 6 

Sulfate 
IJarzyn Ammonia, Nitrate-Nitrite, 4 0 6 

COO, TOC 
IJarzyn TDS, TSS 4 0 6 

ACS Effluent Hazleton TCL Volatiles 4 1 7 
Hazleton TCL Semi-Volatiles 4 7 
Hazleton TCL PCB/Pesticides 4 7 
IJarzyn TCL Metals (Total) 4 0 6 
IJarzyn Cyanide (Unfiltered 4 0 6 
IJarzyn Chloride, Alkalinity, 4 0 6 

Sulfate 
IJarzyn Ammonia, Nitrate-Nitrite, 4 0 6 

COO, TOC 
IJarzyn TSS, TDS 4 1 1 0 6 

Geotechnical IJarzyn Atterberg limits 18 0 0 0 18 
Samples-IJells IJarzyn Particle Size 18 0 0 0 18 

IJarzyn Coefficient of 18 0 0 0 18 
Permeability 

Warzyn Cation Exchange Capacity 18 0 0 0 18 
IJarzyn Moisture Content 18 0 0 0 18 
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TABLE 5 (Continued) 

SUMMARY OF SITE CHARACTERIZATION SAMPLING AND ANALYSIS PROGRAM 

Notes 
1 Samples will be considered low or medium concentration. 
2 See Appendix B for TCL analyte lists, also up to 30 tentatively identified compounds. 
3 The star(*) indicates that the number.of samples and specific parameters will be determined 

from Phase 1 and 2A results. Preliminary assessment indicates that up to 9 wells will be 
sampled for the complete TCL, and the remaining number will be sampled for a reduced 
parameter list. Also note that Phase 2A sample number is given as the expected maximum. 

4 

5 

Sample numbers do not reflect the additional volume of samples required for matrix 
spikes and matrix spike duplicate analysis. 
Temperature, pH and specific conductance measurements will be taken in the field for 
aqueous samples. Qualitative screening with the HNu or OVA will be performed on solid samples. 

- - - - - -



- - - -

Analysis 

WATER AND LEACHATE 
Low Concentration (Organics) 
Semi-Volatiles 

Pesticides/PCBs 

Volatiles 

-

Low Concentration (lnorganics) 
Metals (groundwater) 

Metals (leachate, surface water 
and private water supPly wells) 

Cyanide 

Other Analysis 
Chlorides, Alkalinity 
Sulfate 

Total Organic Carbon, Ammonia, 
Nitrate-Nitrite, Chemical 
Oxygen Demand 

Total Dissolved Solids 
Total Suspended Solids 

- - - - - - - - - - - - -
TABLE 6 

SAMPLE QUANTITIES, BOTTLES, PRESERVATIVES AND PACKAGING 
FOR WATER, SEDIMENT AND LEACHATE SAMPLES 

Bottles and Jars 

One 1-liter amber 
bottle (teflon-Lined 
cap) 

One 1-liter amber 
bottle (teflon-lined 
caps) 

Two 40-ml volatile 
organic analysis 
(VOA vials) 

One 1-Liter high density 
polyethylene bottle 

One 1-Liter high density 
polyethylene bottle 

One 1-Liter high density 
polyethylene bottle 

One 1-Liter high density 
polyethylene 

One 1-Liter polyethylene 
high density bottle 

One 1-liter polyethylene 
high density bottle 

Preservation 

Iced to 4°C 
HCL to pH <2 

Filter through 0.45 
urn filter, HN03, to 
pH <2 Iced to 4°C 
Optional 

HNDJ to pH <2 
Iced to 4°C 

NaOH to pH >12 
Iced to 4°C 

Iced to 4°C 
H4so4 to pH <2 

------

Holding Time Volume of Sanple Shipping Normal Packaging 

5 days until Fill bottle to Shipped Daily No. 1 foam liner 
extraction, 40 neck by Overnight or vermiculite 
days after Carrier 
extraction 

5 days until Fill bottle to Shipped Daily No. 1 foam liner 
extraction, 40 neck by Overnight or vermiculite 
days after 
extraction 

7 days 
(48 hours for 
surface water) 

6 months 
(Hg, 26 days) 

28 days 

14 days 

28 days ( 14 
days for 
alkalinity) 

28 days 

7 days 
(filter upon 
receipt at lab) 

Fill c~Letely 
no headspace 

Carrier 

Shipped Daily 
by Overnight 
Carrier 

Fill to shoulder Shipped Daily 
of bottle by Overnight 

Carrier 

Fill to shoulder Shipped Daily 
of bottle by Overnight 

Carrier 

Fill to shoulder Shipped Daily 
of bottle by Overnight 

Carrier 

Fill to shoulder Shipped Daily 
of bottle by Overnight 

Carrier 

Fill to shoulder Shipped Daily 
by Overnight 
Carrier 

Fill to shoulder Shipped Daily 
by Overnight 
Carrier 

No. 1 foam liner 
or vermiculite 

No. 2 foam Liner 
or vermiculite 

No. 2 foam liner 
or vermiculite 

No. 2 foam Liner 
or vermiculite 

No. 2 foam liner 
or vermiculite 

No. 2 foam liner 
or vermiculite 

No. 2 foam liner 
or vermiculite 

-
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TABLE 6 (Continued) 

SOIL/SEDIMENT 

Low or Med Concentration (Organics> 
Acid extractables, base/neutral 
extractables, pesticides/PCBs 

Volatiles 

Low or Med Concentration (lnorganics) 

One 8-oz wide mouth glass Iced to 4°C 
jar 

Two 120-ml VOA vials Iced to 4°C 

Metals and Cyanide One 8-oz wide mouth 
glass jar 

Physical Analyses 
Grain Size, moisture content One 8-oz wide mouth None 

glass jar 

Atterberg Limits One 8-oz wide mouth None 
glass jar 

Permeability 3-in Shelby Tubes 4°c 

10 days until Fi 11 3/4 full Shipped Daily 
extraction, by OVernight 
40 days after Carrier 
extraction 

10 days Fill COIJl>l ete 1 y Shipped Daily 
no headspace by OVernight 

Carrier 

6 months (14 Fill 3/4 full Shipped Daily 
days for by OVernight 
cyanide) Carrier 

not established Fill 3/4 full Shipped Daily 
by OVernight 
c.arrier 

not established Fill 3/4 full Shipped Daily 
by OVernight 
Carrier 

not established Fill 3/4 full Shipped Daily 
by OVernight 
Carrier 

- - -

Foam 1 iner No. 3 
(Med in cans/ 
vermiculite) 

Venni culi te 
(Med in cans/ 
vermiculite) 

Foam liner No. 3 
(Med in cans/ 
vermiculite) 

Venni cu 1 i te 

Venni cul i te 

Vennicul ite 
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NOTE: 
1. SITE LOCATION ~~p WAS DEVELOPED FROM 

U.S.G.S. 7~ MINUTE QUADRANGLE 1-1AP 
ENTITLED HIGHLAND, INDIANA 1968, 
PHOTOREVISED 1980. 

....... , .. 

~ 
north 

SCALE: 1"= 1000' 
FIGURE 1 
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t 
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AMERICAN CHEMICAL 8€AV1CE. l'lC • 

Waalea From· Reclamation and lnclnerallon 

1,1,1-Trlchloroethane 
Trichloroethylene 
xethylene chloride 
Toluene 
Ben rene 
Other low bol\ln9 aol'll">tf' 

2,4-0 
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Paint Realducs 
Resina 
Pi9menta 
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Acetic acid 
1\nlmol oilo 
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!'ur!uryl Alcohol 
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General Reluoe and S.mplea 
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Olopoaal On 
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Olopoaal AI 

Commercial lendtllla 

- -
Lead pl9menta 
ChrOf"'lum 
Cyonlde 
J.cetone 

Me"lhonol 
IICXftf\~ 

Trooh 
Wastewater 

-

Emply Drum• Prevlouoly 

Conlalnlng Heiar6oua We olea 

- - -

I( AP1CA Of'IUoC3 INC. 

Or11rn Aeeldue 

end Rlnoe Waler 

tL_ ____________________ ~j 

Figure 2. Waste Disposal Flow Chart 
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SAMPLING PLAN 

REVISION: Draft 
DATE: September 28, 1988 
Page 1 

AMERICAN CHEMICAL SERVICES, INC. 
RI/FS 

1. 0 OBJECTIVES 

The primary objective of the sampling activities described below is to obtain 
representative data' to be used for the Remedial Investigation/Feasibility 
Study {RI/FS) analysis. Sampling activities described in this plan will be 
performed to complete the Site Investigation subtasks of the RI. 

Data use objectives of the Site Investigation subtask include: 

Evaluate the details of on-site soil stratigraphy and the 
stratigraphy in adjacent off-site areas 

Determine the hydrogeologic conditions in the upper 
aquifer, including vertical and horizontal groundwater flow 
conditions on-site and in adjacent off-site areas. 

Determine the configuration of the water table in the upper 
aquifer on-site and in adjacent areas off-site. 

Identify surficial drainage features and flow patterns, and 
characterize the relationship of surface water to 
groundwater on-site and in adjacent off-site areas. 

Characterize the extent of surface water and sediment 
contamination on-site and in adjacent off-site areas. 
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The RI will be conducted in three phases in order to make optimal use of the 
information as it is derived and to produce the information necessary to 
complete the FS. The phased approach allows "mid-course" corrections to be 
made so that the investigation will develop in the most efficient and cost
effective sequence. This sampling plan addresses the first two phases. 
Additional phases would be developed if and when it were determined that 
additional information would be required. Phase I incudes three major tasks: 
Problem Definition, Hydrogeologic Investigation, and Near Surface 
Contamination Investigation. The major task under Phase II is Site 
Characterization. Additional tasks which may be performed under Phase III are 
Additional Contamination Investigation and Endangerment Assessment. Review 
the work plan for specific details. 

This Sampling Plan describes the procedures and practices to be used in 
obtaining Site Investigation data for use in the RI/FS. These procedures 
include a description of the sample designation system, personnel and their 
responsibilities, and the sampling methods to be employed. These methods 
include: 

Soil borings and soil sampling 
Shallow piezometer installation 
Monitoring well installation 
Geophysical Survey 
Leachate well installation 
Groundwater sampling 
Leachate sampling 
Surface water and sediment sampling 
Water level monitoring in piezometers and surface water 
Aquifer tests 
Private well sampling 
Test pits 
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3.0 SAMPLING LOCATIONS AND NUMBER OF SAMPLES 

3.1 HYDROGEOLOGIC INVESTIGATION 

The hydrogeologic investigation will include groundwater sampling, water level 
measurements, aquifer tests, continuously sampled and logged borings, well 
installations, and piezometer installations. 

3.1.1 Groundwater Sampling 
One round of groundwater samples will be obtained during Phase I from each of 
the 6 perimeter wells. The locations proposed for these wells are depicted on 
Figure 1. 

During Phase II of the investigation, two rounds of groundwater samples will 
be obtained from all of the Phase I perimeter wells, and from all of the wells 
installed during Phase II. It is anticipated that 8 to 12 wells may be 
installed during Phase II. During the second round, it is anticipated that 
only 9 wells will be sampled for the complete TCL, and the remaining number 
sampled for a reduced parameter test approved by the U.S. EPA. 

Off-site, one upgradient and nine downgradient private water supply wells will 
be sampled during Phase II. The locations of the known private wells are 
shown on Figure 2. The specific wells to be sampled will be identified based 
on the results of the Phase I study. 

3.1.2 Water level Measurements 
Water levels will be measured at least twice during the Phase I field effort 
and at least once during the Phase II field effort. Measurements will be 
obtained from each of the shallow piezometers and each of the surface water 
locations depicted in Figure 1. The first set of measurements will be made 
within a week after installations are completed for both the piezometers and 
the surface water reference locations. If possible, measurements will also be 
made during dry and wet periods. Also, immediately after a major 
precipitation event, closely-spaced measurements may be made to determine the 
response of the system to such an occurrence. 
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Slug tests will be conducted in three of the six new Phase I wells to 
determine the hydraulic properties of the upper aquifer. A total of eight 
slug tests will. be conducted during Phase II. Al.l of the four lower aquifer 
wells will be tested, and four of the Phase II shallow aquifer wells will be 
tested. 

The wells to be used in the aquifer testing will be those best representing 
the aquifers. Criteria for selection will include saturated thickness and 
grain size. If indicated, a pumping test might be conducted. In addition, up 
to 90 laboratory geotechnical tests will be performed on aquifer and aquitard 
materials. These tests will include hydraulic conductivity, grain size, 
Atterberg limits, cation exchange capacity, and moisture content. 

3.1.4 Monitoring Well Installations 
Six wells will be installed during Phase I at the locations shown in Figure 1. 
These wells will be completed with the ten-foot screen intersecting the water 
table in the upper aquifer. 

It is anticipated that eight to twelve wells will be installed during Phase 
II. Four wells will be screened in the upper aquifer and the remaining number 
in the upper part of the lower aquifer. The screen locations for the Phase II 
upper aquifer wells will be determined based on the Phase I results, as will 
the horizontal locations of all the wells. 

3.1.5 Piezometer Installation 
Piezometers, designed to only collect water level data, will be installed at 
approximately 40 locations as depicted in Figure 1, during Phase I. 
Piezometers will be located throughout the site including in the landfill. 
Under no circumstances would piezometers be installed through the base of the 
landfill. Piezometer screens will intersect the top of the first saturated 
layer. 

3.2 CONTAMINANT INVESTIGATION 

The Phase I Contaminant Investigation will involve sampling of the surface 
soil, the drilling of 14 soil and waste borings, a geophysical survey, surface 
water and sediment sampling and excavation of 6 waste test pits. A total of 
48 investigative samples will be submitted for analysis (Table 2}. 
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Four leachate wells will be installed and sampled during Phase I. Sampling of 
the ACS effluent may also be done at selected locations. It is anticipated 
that additional drilling, sampling, and analysis will be conducted under Phase 
II with up to 20 samples collected for analysis. The locations will be 
determined based on Phase I results. 

3.2.1 Surficial Soil Area Sampling 
The On-Site Containment Area will be divided into four sampling areas, and the 
former Kapica Drum property will be divided into two sampling areas. Within 
each of these areas, a soil sample will be collected at the depth interval of 
6-18 inches at five discrete locations and then composited (volatile organic 
samples will be grab only) for a total of 6 samples. One grab sample will be 
collected near the former fume incinerator, and one grab sample at the site of 
a previous spill/fire. These samples will also be collected from the 6 to 18 
inch depth interval. The approximate locations for these eight investigative 
samples are shown in Figure 3. 

3.2.2 Geophysical Survey 
A field test will be conducted to determine if a magnetometer survey will 
provide meaningful data. Because of the presence of railroads, power lines, 
metal buildings, metal process tanks, geophysical methods may be of limited 
utility. If feasible, the method would be used to located buried drums in the 
ACS Off-Site Containment Area, On-Site Containment Area, Old Still Bottoms 
Pond, Treatment Pond No. 1, and the Kapica Drum draining area. 

3.2.3 Test Pits 
Six waste test pits will be excavated at approximately the locations 
identified in Figure 4. These are the On-site Drum Containment Area, the 
Still Bottoms Pond and Treatment Pond No. 1. If a liner is encountered, 
excavation will cease. In each test pit one composite waste sample (volatile 
organic samples will be grab only), consisting of five discrete samples, and 
one natural subsoil sample will be collected. 

3.2.4 Soil and Waste Borings 
Five waste borings will be drilled in the Off-Site Drum Containment Area with 
one composite waste sample (volatile organic samples will be grab only), 
consisting of five discrete samples, and one natural soil sample being 
collected from each boring. Three borings are planned for the Kapica Drum 
site with one composite waste sample and one natural subsoil sample collected 
from each boring. The approximate locations of these eight borings are 
located in Figure 4. 
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Six soil borings will be drilled in the Old Drum Storage Area. Two grab 
samples will be collected from each boring at the depth intervals of 2 to 2.5 
feet and 4 to 4.5 feet, for a total of 12 samples submitted for analysis. The 
approximate locations of these borings are depicted in Figure 3. 

3.2.5 Leachate Well Installation and Sampling 
Four leachate wells will be installed approximately as shown in Figure 1. 
The borings for the wells will not penetrate the base of the landfill. One 
round of samples will be collected during Phase I. 

3.2.6 Surface Water and Sediment Sampling 
A surface water and sediment sample will be collected from each of the 11 
locations shown in Figure 1. Sampling locations include: Treatment Pond No. 
2, the ACS Retention Pond, a drainage ditch at the southwest corner of the ACS 
plant, the marsh, ponded water near the Off-Site Drum Containment Area, the 
Griffith Landfill excavation, three sites along a drainage ditch connecting 
the marsh to Turkey Creek, a drainage ditch that is parallel to Colfax Avenue 
south of intersection of Colfax Avenue and Reder Road, and a drainage ditch 
1,800 feet southeast of the ACS site (beyond limits of Figure 1). 

3.2.7 Effluent Sampling 
It is anticipated that sampling of ACS waste effl~ent will be performed. Up 
to four samples will be collected at locations to be determined based on 
results of the ACS Environmental Audit. 
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A sample numbering system will be used to identify each investigative and 
quality control sample. Each sample identifier will include the project 
identifier code, sample type and location code, and a sampling event code. 
The sampler will maintain a log book containing the sample identification 
listings. 

4.1 PROJECT IDENTIFIER CODE 

A 3-letter designation will be implemented to identify the sampling site. The 
project identifier will be "ACS" to signify this site investigation. 

4.2 SAMPLE TYPE AND LOCATION CODE 

Each sample location will be identified by a 2-letter code corresponding to 
the sample type. Sample type codes to be utilized for the subtasks covered in 
this Sampling Plan include: 

GW - groundwater sample from monitoring well 
LE - leachate sample 
SS - split spoon or soil boring sample 
SD - sediment sample 
SW - surface water sample 
PW - groundwater from a private well 
WP - waste sample from test pit 

· NP soil sample from test pit 
· AE - ACS effluent sample 
· WB - waste boring sample 

NB - natural soil boring sample 
SA - soil area sample 
SB - soil boring sample 

· FB - field blank 
TB - trip blank 
MS(D) - matrix spike (duplicate) 

Other letter designators may be added for sample activities of later subtasks. 
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The location code will follow the sample type code. The location code 
consists of a two- to five-digit numeric or alpha-numeric code that indicates 
the sample location. Surface water, sediment, field blanks, and trip blanks 
will use a consecutive numbering system, starting at 01, assigned in the 
field. 

4.3 SAMPLING ROUND CODE/DUPLICATE CODE 

A two-digit numerical code will be used to designate additional information. 
The round code will indicate the groundwater sampling round. Duplicate 
samples will be designated by the round code preceded by a 9. For boring 
samples, the round code will represent the depth of the sample in feet below 
the ground surface. 

4.4 EXAMPLES OF SAMPLE NUMBERS 

Examples of sample number codes are as follows: 

ACS-SSMW03A-25 = ACS, split spoon sample from Monitoring Well MW03A at 
a depth of 25 feet 

ACS-GWMW03A-01 = ACS, groundwater sample from Monitoring Well MW03A, 
first sampling round 

ACS-GWMW03A-91 = ACS, duplicate groundwater sample from Monitoring Well 
MW03A, first sampling round 

ACS-SD10-01 = ACS, sediment sample from location number 10, first 
sampling round 
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5.0 SAMPLING EQUIPMENT AND PROCEDURES 

5.1 GROUNDWATER SAMPLING 

5.1.1 Monitoring Wells 
Groundwater sampling will proceed from wells thought to have the lowest 
contaminant concentrations to wells suspected to have the highest contaminant 
concentrations. A clean work area will be set up at the well before sampling 
begins at that well. Prior to purging the well, a water level measurement 
will be made using an electronic water level indicator or a tape with a 
sounding device. Total depth of the well will also be measured. The 
reference point for these measurements is the top of the inner well casing 
(when protective casing present). Measurements will be made to the nearest 
0.01 foot and recorded in the field notebook along with the purge volume. 

Each well will be purged immediately prior to sampling, using a submersible 
bladder pump. The pump will be constructed of stainless steel and teflon. 
Dedicated teflon tubing will be used to purge and sample each well. The 
volume of water removed shall be measured using a calibrated bucket to ensure 
that a minimum of three well volume~ are removed. The pH, specific 
conductance and temperature will be measured to determine that these 
parameters have stabilized prior to sample collection. The conductivity meter 
will ~e zeroed according to the procedures specified by the manufacturer prior 
to measurement. Buffer solutions will be used to calibrate the pH meter and 
conductivity meter at the beginning of each day and after every ten samples. 
A sample of water will be placed into a beaker into which the probes are 
inserted. After the readings are made, the water sample is then added to the 
collected purge water. Purge water will be collected and containerized. 

After well purging is completed, the discharge of the pump will be reduced to 
100 ml/min or less to fill the sample containers. Sample containers shall be 
filled in the following order: volatiles, semi-volatile, PCB/pesticides, 
total organic carbon, metals, cyanide, sulfate-chloride-alkalinity, ammonia
nitrate-nitrite, and total suspended solids-total dissolved solids. 

For volatile organic analysis (VOA) samples, the preservative shall be added 
to the vial prior to collecting the sample. The VOA sample vial will be 
carefully filled until the proper meniscus forms. The cap shall be carefully 
placed on the vial, after which the vial will be inverted to inspect for air 
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bubbles. If air bubbles are present, the cap will be removed and more sample 
will be added. The cap will be replaced and inspected again for bubbles. 
Repeat if necessary. 

The remainder of the sample bottles will then be filled in the order outlined 
above according to the specifications listed in Table 3. Groundwater samples 
requiring field filtering will be filtered using a positive-pressure 
filtration device. After filtering is completed, preservative may be added to 
those sample containers as specified in Table 3. The pH of the preserved 
sample shall be tested by pouring a small amount of sample into a watch glass 
or beaker and then testing the aliquot with pH paper (except VOA which will 
not be disturbed). Samples will be iced immediately after collection. 

Duplicate samples will be prepared by alternatively filling each vial or 
bottle (i.e. one investigative sample vial or bottle), then one duplicate 
sample vial or bottle, etc.). 

The trip blank will consist of two 40-ml VOA vials filled with deionized water 
and preservative at the laboratory or office, transported to the field and 
shipped to the laboratory with the investigative VOA vials. The vial will not 
be opened in the field and will be handled and documented using the standard 
procedures. 

Field blanks will be prepared by pumping deionized water through the bladder 
pump and tubing and filling the sample containers in the same manner as for 
investigative samples. The field blank for constituents requiring filtering 
shall require the additional step of passing the aliquot through the field 
filtering apparatus. 

The semi-volatile organics matrix spike/matrix spike duplicate (MS/MSD) for 
water samples must be collected at double the volume normally required. The 
PCB/Pesticide MS/MSD for water samples must also be collected at double the 
volume normally required and the volatile sample MS/MSD must be collected at 
triple the normal volume. 

The sampling equipment shall be cleaned and handled between wells following 
the procedures outlined in Section 6. 
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It is anticipated that these wells will be in constant use and so the purge 
volume will be limited to that volume between the well head and sampling 
point. Temperature, pH, and conductivity shall also be monitored to determine 
stabilization of these parameters. The sampling point will be as close as 
possible to the well head, before any treatment occurs (i.e. water softeners, 
filters, etc.). The sampling port may require cleaning prior to purging and 
sampling. After purging, reduce the discharge rate and follow the same 
collection and handling procedures outlined under 4.1.1 for groundwater 
samples. The field blank will be prepared by pouring deionized water directly 
into the sample containers. The trip blank will be prepared as described in 
5.1.1. Water samples will not be filtered. These private water supply 
samples will be analyzed by different methods with lower detection limits. 
See Appendices C and D of ~APP for methods and detection limits. 

5.1.3 Water Level Measurements 
Water level measurements will be obtained from the shallow piezometer system, 
and monitoring wells, using an electronic water level indicator or a tape and 
sounding device. The measurement shall be made to the nearest 0.01 foot. The 
reference point shall be the top of the inner casing. If the top of the inner 
casing is not level, the reference point will be the highest side of the 
casing. 

5.2 AQUIFER TESTING 

5.2.1 Field Testing 
The hydraulic conductivity of the penetrated aquifer will be estimated by 
conducting slug tests. The basic concept behind these tests is that the rate 
of rise or fall of the water level in a well after "instantaneous" 
displacement of a "slug" of water is a function of aquifer hydraulic 
conductivity. 

Hydraulic conductivity testing will be performed as follows: 

An initial measurement of static water level will be made. 

A volume of water will then be displaced as rapidly as 
possibly using a calibrated solid cylinder or compressed 
air. Highly permeable conditions (K > 1o-3 em/sec) are 
anticipated. 
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Water level changes in the well will be sensed and recorded 
by a pressure transducer connected to an electronic data 
logger. Water level measurements will be collected 
automatically on logarithmically increasing time steps, 
starting at 0.003 minutes (i.e., the first 10 measurements 
will be taken at the following elapsed time: 0, 0.003, 
0.007, 0.010, 0.013, 0.017, 0.020, 0.0233, 0.026, 0.030). 
The total test time could last from several minutes to 
several hours for each well. 

The data will be plotted in the field (water level vs. log 
time) using semi-log paper to determine if the data are 
sufficient to establish a reasonable straight-line 
relationship. 

Analysis of test data should use appropriate computational methods such as 
that presented by Bouwer, H. and R.C. Rice, 1977, "A Slug Test for 
Determining Hydraulic Conductivity of Unconfined Aquifers with Completely or 
Partially Penetrating Wells," Water Resources Research, Vol, 12, No.3, pp. 
423-428, or Nguyen, V., and G. F. Pinder, 1984, "Direct Calculation of 
Aquifer Parameters in a Slug Test Analysis", Groundwater Hydraulics, Water 
Resources Monograph No. 9, American Geophysical Union, pp. 222-240. If 
indicated, a pumping test might be conducted. 

5.2.2 Laboratory Testing 
Samples will be collected in 3-inch diameter Shelby tubes, capped, taped to 
seal and stored at 4 degrees centigrade until analyzed. Samples expected to 
have a saturated hydraulic conductivity of 1 x 1o-3 em/sec or less will be 
tested using a falling head test and those expected to be greater than 1 x 
1o-3 em/sec will be tested using a constant head test, using a flexible wall 
permeameter. 

Grain size analysis will be accomplished using ASTM Methods D421, D422, and 
D2217. Samples for grain size analysis will be collected from split-spoon 
samplers and placed into glass jars. Soil samples will also be tested for 
Atterberg limits, cation exchange capacity and moisture content. 

5.3 MONITORING WELL INSTALLATION 

Borings will be drilled using a 4 1/4-inch ID hollow stem auger. Formation 
samples will be collected continuously from the surface to the end of the 
borehole. Split-spoon (ASTM D1586-84) formation samples will be visually 
classified in the field by a geologist. Representative samples of units 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Sampling Plan 
American Chemical Services RI 

REVISION: Draft 
DATE: September 28, 1988 
Page 13 

encountered will be placed into glass jars for laboratory analysis. Three
inch ID Shelby tube samples (ASTM 01587) will also be collected for 
laboratory hydraulic conductivity testing of the units encountered. These 
samples will be handled and stored as described above (Section 5.2.2). 

Drilling equipment and tools will be decontaminated between boreholes as 
outlined in Section 6. Well casing and screens will be cleaned and stored as 
outlined in Section 6. Well casing and screen will be constructed of 2-inch 
ID threaded flush-joint stainless steel 316 and will have vented locking 
caps. Ten foot screens with 0.01-inch openings and a No. 30 flint sand or 
natural cave-in will be used for the sand pack. 

Because Phase I and II upper aquifer wells are expected to be screened at 
shallow depths in coarse grained deposits, a surface seal will be 
unnecessary. Phase II lower aquifer wells will be constructed using a 
telescoping casing. The outer casing will be set 5-feet into the aquitard 
and sealed. Split-spoon samples (ASTM 01586-84) will be obtained every five 
feet in the upper aquifer and continuously through the aquitard and lower 
aquifer to the end of the borehole. The screen of the inner casing will be 
set 12 feet into the lower aquifer. Two-foot bentonite seal will be placed 
2-feet above the screen and then the annular space will be filled with 
bentonite grout to within three-feet of the surface. The remainder wil be 
filled with cement-bentonite grout. 

A concrete apron will be placed around each well. All wells will be 
developed using a surge block and/or pumping. Well casing elevation will be 
surveyed to the accuracy of ±0.01 foot, and ground elevation and horizontal 
location will be surveyed to the accuracy of ±0.1 foot. Well casings will be 
permanently marked with the well number. 

5.4 PIEZOMETER INSTALLATION 

The piezometers will be installed by jetting them into the ground. The 
piezometers placed within the landfill may have to be installed with a drill 
rig. Screens for the piezometers will be set at the top of the first 
saturated layer. Caps will be pop-riveted in place to seal the piezometer 
and avoid tampering. Piezometer casing elevation will be surveyed to the 
accuracy of ±0.01 foot, and ground surface elevation and horizontal location 
will be surveyed to the accuracy of 1.0 foot. Piezometers will be 
permanently marked with the piezometer number. 
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A hand-auger or shovel will be used to remove the upper six inches of 
material. The bucket auger will then be inserted into the hole and the 
sample brought to surface and placed into a stainless steel pan. This is 
repeated to obtain sample from the 6 to 18 inch depth interval. 

Grab samples will be placed into the sample containers with a stainless steel 
scoop. Composite samples (except volatiles) will be obtained by homogenizing 
the subsamples in the stainless steel pan with a scoop or trowel. A sample 
will then be placed into the appropriate sample containers. Samples for 
volatile organic parameters will be grab samples selected from the five 
discrete samples from each sampling area on the basis of HNu results and/or 
other evidence of contamination (e.g. visual). One duplicate sample will be 
collected. No blanks will be prepared. Equipment and tools will be 
decontaminated as outlined in Section 6. 

5.6 GEOPHYSICAL SURVEY 

A feasibility test will be conducted to determine if the magnetometer will 
provide meaningful data. The instrument will be calibrated according to the 
manufacturer's instructions. Anomalous areas will be marked by pin flags in 
the field. Selected points will be duplicated to examine equipment response. 
If response is inconsistent, data will be considered unusable. 

5.7 TEST PITS 

Waste test pits will be excavated with a backhoe. The backhoe operator will 
remain in the cab during all excavation activities and be prepared to fill 
the pit quickly in the event of an emergency. Excavated materials will be 
placed on the downwind end of the pit for inspection. All pits will be 
filled prior to starting a new excavation and at the end of each work day. 
No pit will be left open and unattended at any time. Personnel will not 
enter test pits. Pits will be marked to enable future location. Samples 
will be taken from representative layers of waste and then composited (except 
volatiles). The excavation will extend at least one foot into natural 
subsoils. A sample of the natural subsoil will be obtained. Hand tools will 
be used to collect samples. Composite samples will be prepared in the field. 
Samples for volatile organics will be grab samples selected from one of the 
five discrete samples on the basis of HNu results and/or other evidence of 
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contamination (e.g. visual). The material excavated will be used as backfill 
for the test pit. Samples will be placed into the appropriate containers. 
No blanks will be prepared. One natural soil and one waste duplicate sample 
will be collected. 

5.8 SOIL AND WASTE BORINGS 

Waste borings will be continuously sampled with a split-spoon (ASTM D1586-84) 
to a depth of approximately 1 1/2 feet below the waste. Waste samples will 
be homogenized in a stainless steel pan with hand tools and a representative 
sample placed into the appropriate containers (except volatiles). Samples 
for volatile organics will be grab samples selected from one of the five 
discrete samples on the basis of HNu results and/or other evidence of 
contamination (e.g. visual). A 1-foot grab sample of the natural subsoil 
will be obtained from each boring using the split-spoon. 

Soil borings will be advanced to a depth of two feet, below which a 6-inch 
split spoon sample will be obtained. The auger will be advanced to a depth 
of 4 feet and another sample obtained from the interval 4 to 4.5 feet. Each 
of these 6-inch samples will be a grab sample. 

Samples will be placed in the appropriate containers and boreholes will be 
filled with bentonite grout to the surface. All drilling equipment and tools 
will be cleaned between sampling locations according to procedures in Section 
6. 

5.9 LEACHATE WELL INSTALLATION AND SAMPLING 

A hollow-stem auger will be used to advance the borehole up to 15 feet below 
the first saturated zone encountered; in no event shall any liner present be 
penetrated. The entire saturated zone penetrated shall be screened using 
threaded flush-joint PVC with PVC riser pipe to the surface. The screen 
openings shall be 0.01 inch with a No. 30 flint sand (or equivalent) filter. 
The filter shall extend to 2-feet above the screen, above which a two-foot 
bentonite pellet seal will be placed. The remaining annular space to within 
3-feet of the surface will be filled with bentonite grout. A concrete seal 
will then be placed to the surface, forming an apron at the surface. 
Concrete barrier posts shall be placed around the concrete apron. 

The well shall be developed and sampled using a stainless steel bailer. All 
purge and development water shall be collected and containerized. Sampling 
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will be conducted as for the groundwater wells under 5.1.1 except that a 
bailer will be used. Trip blanks will be prepared as described in 5.1.1. 
The field blank will be prepared by pouring deionized water into a clean 
bailer and filling sample bottles in the same manner as for an investigative 
sample. The drilling and sampling equipment shall be cleaned and stored 
between wells using the procedures outlined in Section 6. 

5.10 SEDIMENT AND WATER SAMPLING 

The surface water grab sample will be- collected prior to collecting the 
sediment (grab) sample at a given location. Where appropriate, the samples 
will be taken from the most distal downstream location to the furthest 
upstream location. Samples will be obtained with stainless steel equipment 
which will be decontaminated between sample locations using the procedures 
outlined in Section 6. A bucket auger will be used to collect a sample from 
the depth interval 0 to 6 inches. Samples will be placed into the 
appropriate containers. Duplicates will be collected for both sediment and 
water samples, but field blanks will only be prepared for water samples. 
Water samples will not be filtered. Trip blanks will be prepared as outlined 
under 5.1.1. 

5.11 EFFLUENT SAMPLING 

This effort will be designed after the Environmental Audit of ACS. 

5.12 PERSONNEL AND RESPONSIBILITIES 

All personnel working at the ACS site on the RI will have been trained in 
health and safety matters relating to hazardous waste site investigations. 
Efforts will be made to use the same personnel throughout the course of the 
field work to optimize familiarity with site conditions. The boundary survey 
will be done by an Indiana licensed land surveyor. All other surveys will be 
conducted by a two-person team. 

A two-person drilling crew and two field technicians will be supervised by a 
geologist or engineer. The geologist or engineer will also serve as the 
Safety Officer. A geologist will conduct the slug tests and 'log the soil 
samples. Samples will be collected by or under the supervision of the 
geologist in the various media: groundwater, surface water, leachate and 
waste. Also water levels will be collected by the geologist or engineer, and 
a field technician. An earth moving subcontractor will operate the backhoe. 
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6.0 DECONTAMINATION PROCEDURES 

Procedures to be followed to decontaminate equipment and personnel are 
described in the Site Health and Safety Plan. The procedures are summarized 
below. 

Site Personnel Decontamination Procedure: 

Dispose of outer latex booties 
Wash boots in TSP bootwash 

· Clean outer gloves in TSP wash solution (discard if too soiled to 
clean thoroughly) 
Dispose of polycoated tyvek suits 

· Dispose of surgical gloves 
· Wash hands in hand wash 

Wash face and neck in face wash 
Clean and sanitize face mask 

Site personnel will perform the above mentioned decontamination procedure 
prior to leaving the site. Personnel will shower immediately after arriving 
at their residences. 

Discarded clothing and other articles will be collected in double-lined, 
heavy duty garbage bags. 

Equipment and vehicle decontamination procedure: 

Decontamination will be performed prior to site entry 
Decontamination will be performed on-site 
Gross contamination will be removed with a brush and TSP solution 

· Steam cleaning will follow 

The drilling equipment and the backhoe will be steam cleaned prior to exiting 
the site at an area designated for equipment and vehicle decontamination. 
Another area, located away from the equipment decon area, will be designated 
as a site personnel decon area. 

Decontamination will include steam cleaning the drilling equipment, backhoe 
and tools between boreholes and test pits, and detergent washing and 
deionized water rinsing the split spoon samplers after each collected sample. 
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Well casing and screens will also be steam cleaned and wrapped in plastic 
until installed. Sampling equipment such as the bailer cable, trowels, 
spatulas, stainless steel bucket, pump, bailer, etc. will be cleaned with a 
trisodium phosphate (TSP) detergent solution, and rinsed with deionized water 
between sampling locations and stored to prevent contamination before use. 

Equipment remaining at the site may not be decontaminated, but will be stored 
on the contaminated side of the equipment and vehicle decon area at the end 
of each work day. 
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7.0 SAMPLE HANDLING AND ANALYSIS 

7.1 PARAMETERS 

Samples to be analyzed for TCL organics (both standard CLP detection limit, 
and low detection limit) will be sent to Hazleton Laboratories America, Inc. 
Samples to be analyzed for TCL metals, cyanide, and indicator parameters will 
be sent to Warzyn Engineering Inc. (for both standard CLP detection limit and 
low detection limit). Samples to be analyzed for geotechnical parameter will 
be sent to Warzyn ~ngineering Inc. Parameters for which groundwater, surface 
water, private water supply wells, soil, sediment, ACS effluent and waste are 
to be analyzed are summarized in Tables 4, 5, 6, 7 and 8. 

Measurement of pH, specific conductance and temperature will be performed in 
the field as will vapor screening with OVA or HNu. 

7.2 SAMPLE PRESERVATION 

Samples will be collected and preserved in a manner appropriate for the 
analyses they receive (Table 3). The portion of groundwater samples requiring 
field filtering prior to analysis (Table 3) will be filtered using a pressure 
filtration device, through a 0.45 micron filter, as soon as possible after 
collection. Filtered portions of the samples will be preserved, as 
appropriate, immediately after filtration. Sample fractions will be 
preserved before shipment according to the procedures shown in Table 3. 
Preservatives added to the samples will be prepared using reagent grade 
chemicals. 
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8.0 SAMPLE DOCUMENTATION 

Samples will be collected under chain-of-custody procedures. Standard forms 
including sample labels, sample tags, chain-of-custody forms, and custody 
seals used for sample tracking will be maintained. A brief description of 
sample documents follow: 

I A. Chain-of-Custody Form (Figure 5) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1. One Form per shipping container (cooler). 

2. Carrier service does not need to sign form, if custody seals remain 
intact. 

3. Use for all samples 

B. Chain-of-Custody Seals (Figure 6) 

1. Two seals per shipping container to secure the lid and provide 
evidence that samples have not been tampered with. 

2. Cover seals with clear tape. 

3. Record seal numbers on Chain-of-Custody Form. 

4. Use for all samples. 

C. Sample Tags (Figure 7) 

1. Each sample container must have a sample tag affixed to it. 

2. Sample tag numbers are recorded on the Chain-of-Custody Forms. 

3. Use for all samples. 

D. Sample Identification Record Form (Figure 8) will: 

1. Provide means of recording crucial sample shipping and tracking 
information. 

2. Contain information such as: 

Sample number 
Sample matrix 
Sample location code 
Sample round 
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Paperwork accompanying the samples being shipped to the laboratory will be 
sealed in a plastic bag that is taped to the inside of the cooler lid. Copies 
of the chain-of-custody forms, and other paperwork (if possible), will be 
retained for the field files. 

Two sample seals will be placed on opposite sides of the lid and extending 
down the sides of the cooler. The lid will be securely taped shut prior to 
shipment. 

Representative photographs will be taken of sampling stations to show 
surrounding area and used to locate the station. The picture number and roll 
number will be logged in the field log book to identify which sampling site is 
depicted in the photograph. The film roll number will be identified by taking 
a photograph of an informational sign on the first frame of the roll. This 
sign would have the job and film roll number written on it so as to identify 
the pictures contained on the roll. 

For example: 

American Chemical Services 
Roll Number 1 
Frame Number 1 of 36 
1 Nov 1988 

All sampling documentation will be maintained in Warzyn files as 
outlined in the QAPP. 
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TABLE 1 

I 
SITE CHARACTERIZATION SAMPLING EFFORT 

FIELD 

I INVESTIGATIVE DUPLICATE BLANKS 

Groundwater (GW) 

I Phase I 6 1 1 
Phase II A (up to) 12 2 2 

I 
Phase II B (up to) full TCL 9 1 1 

*Phase II B (up to) reduced 
parameter list (9) ( 1) (1) 

I Surface Water (SW) 11 2 2 

I Sediment (SD) 11 2 0 

I Private Wells (PW) 10 1 1 

I Leachate (LE) 4 1 1 

I 
ACS Effluent (AE) 4 1 1 

I 
SUBTOTAL 67 11 9 

Chemical Subtotal 87 

I 
Geotechnical 90 

I Geotechnical Subtota 1 90 

I 
TOTAL: 177 

I 
Note: 

I * Numbers not included in total 

I 
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TABLE 2 
SOURCE CHARACTERIZATION SAMPLING EFFORT 

PHASE I 

Waste Pit {WP) 

Natural Soil Pit {NP) 

Waste Boring {WB) 

Natural Soil Boring {NB) · 

Soil Area {SA) 

Soil Boring {SB) 

Chemical Subtotal 

PHASE I TOTAL: 55 

PHASE II 

To Be Defined in Phase I 

PHASE II TOTAL: 22 

Notes: 

INVESTIGATIVE 

6 

6 

8 

8 

8 

12 

48 

20 

DUPLICATE 

1 

1 

1 

1 

1 

2 

7 

2 

Blanks are not necessary for solid material samples. 

FIELD 
BLANKS 

0 

0 

0 

0 

0 

0 

0 

0 



- - - - - - - - - - - --- - - - - - -
TAB-LE 3 

SAMPLE QUANTITIES, BOTTLES, PRESERVATIVES AND PACKAGING 
FOR WATER, SEDIMENT AND LEACHATE SAMPLES 

Analysis Bottles and Jars Preservation Holding Time Volume of Sample Shipping Normal Packaging 

WATER AND LEACHATE 
Low Concentration ~Organicsl 
Semi-Volatiles One 1·liter amber Iced to 4°c 5 days until Fill bottle to Shipped Daily No. 1 foam liner 

bottle (teflon-lined extraction, 40 neck by OVernight or vermiculite 
cap) days after Carrier 

extraction 

Pesticides/PCBs One 1-liter amber Iced to 4°c 5 days until Fill bottle to Shipped Daily No. 1 foam liner 
bottle (teflon-lined extraction, 40 neck by OVernight or vermiculite 
caps) days after Carrier 

extraction 

Volatiles Two 40-ml volatile Iced to 4°c 7 days Fill completely Shipped Daily No. 1 foam liner 
organic analysis HCL to pH <2 (48 hours for no headspace by OVernight or vermiculite 
(VOA vials) surface water) Carrier 

Low Concentration ~Inorganics2 
Metals (groundwater) One 1-liter high density Filter through 0.45 6 months Fill to shoulder Shipped Daily No. 2 foam liner 

polyethylene bottle um filter, HN03, to (Hg, 26 days) of bottle by OVernight or vermiculite 
pH <2 Iced to 4°C Carrier 
Optional 

Metals <leachate, surface water one 1-liter high density HN~ to pH <2 28 days Fill to shoulder Shipped Daily No. 2 foam liner 
and private water supply wells) polyethylene bottle Iced to 4°c of bottle by OVernight or vermiculite 

Carrier 

Cyanide One 1-liter high density NaOH to pH >12 14 days Fill to shoulder Shipped Daily No. 2 foam liner 
polyethylene bottle Iced to 4°C of bottle by OVernight or vermiculite 

Carrier 

Other Analysis 
Chlorides, Alkalinity one 1-liter high density Iced to 4°c 28 days (14 Fill to shoulder Shipped Daily No. 2 foam liner 
Sulfate polyethylene days for of bottle by OVernight or vermiculite 

alkalinity) Carrier 

Total Organic Carbon, Ammonia, One 1-liter polyethylene Iced to 4°c 28 days Fill to shoulder Shipped Daily No. 2 foam liner 
Nitrate-Nitrite, Chemical high density bottle H4so4 to pH <2 by OVernight or vermiculite 
Oxygen Demand Carrier 

Total Dissolved Solids One 1-liter polyethylene Iced to 4°C 7 days Fill to shoulder Shipped Daily No. 2 foam liner 
Total Suspended Solids high density bottle (filter upon by Overnight or vermiculite 

receipt at lab) Carrier 



- - - - -
SOIL/SEDIMENT 

Low or Med Concentration (Organics) 
Acid extractables, base/neutral 
extractables, pesticides/PCBs 

Volatiles 

Low or Med Concentration (lnorsanics) 

- - -

One 8-oz wide mouth glass 
jar 

Two 120-ml VOA vials 

Metals and Cyanide One 8-oz wide mouth 
glass jar 

Physical Analyses 
Grain Size, moisture content 

Atterberg Limits 

Permeability 

One 8-oz wide mouth 
glass jar 

One 8-oz wide mouth 
glass jar 

3-in Shelby Tubes 

~~~~~~- ---- ------

- - - - - -
TABLE 3 (Continued) 

None 

None 

1 0 days until 
extraction, 
40 days after 
extraction 

10 days 

6 months (14 
days for 
cyanide) 

Fill 3/4 full 

Fill corrpletely 
no headspace 

Fill 3/4 full 

not established Fill 3/4 full 

not established Fill 3/4 full 

not established Fill 3/4 full 

- - - -

Shipped Daily 
by overnight 
Carrier 

Foam liner.No. 3 
(Med in cans/ 
vermiculite) 

Shipped Daily Vermiculite 
by OVernight (Med in cans/ 
Carrier vermiculite) 

Shipped Daily Foam liner No. 
by overnight (Med in cans/ 
Carrier vermiculite) 

Shipped Daily Vermiculite 
by overnight 
Carrier 

Shipped Daily Vermiculite 
by overnight 
Carrier 

Shipped Daily Vermiculite 
by overnight 
Carrier 

3 

-



- - - - - - - - - - - -
TABLE 4 

SUMMARY OF PHASE I SOURCE CHARACTERIZATION 
SAMPLING AND ANALYSIS PROGRAM 

No. of 
Investigative No. of 

Sample Matrix1 Laborator:z: Laborator:z: Parameters2 Sanples Field ouelicates 

Waste Pits 

Natural Soils 
-Waste Pit 

Waste Borings 

Natural Soils 
-Waste Borings 

Soil Areas 

Soil Borings 

Notes 

Hazleton 
Hazleton 
Hazleton 
Warzyn 
Warzyn 
Hazleton 
Hazleton 
Hazleton 
Warzyn 
Warzyn 
Warzyn 
Hazleton 
Hazleton 
Hazleton 
Warzyn 
Warzyn 
Hazleton 
Hazleton 
Hazleton 
Warzyn 
Warzyn 
Warzyn 
Hazleton 
Hazleton 
Hazleton 
Warzyn 
Warzyn 
Hazleton 
Hazleton 
Hazleton 
Warzyn 
Warzyn 

TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL metals 
Cyanide 
Volatile Residue 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
Volatile Residue 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL Metals 
Cyanide 
TCL Volatiles 
TCL Semi-Volatiles 
TCL PCB/Pesticides 
TCL metals 
Cyanide 

1 Samples will be considered low or medium concentration. 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 1 
12 2 
12 2 
12 2 
12 2 
12 2 

2 See Appendix B for TCL Analyte lists - also up to 30 tentatively identified compounds. 
3 Sample numbers do not reflect the additional volumes required for matrix spike/matrix 

spike duplicate analysis. 
Field and trip blanks are not required for soil/waste samples. 

- - -

No. of Matrix Spike/3 
Matrix Seike Duelicates 

1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
1 

1 
0 
0 
0 
0 
0 
0 
0 

4 
5 Qualitative screening with HNu or OVA will be done for investigative and duplicate samples only. 

- - - -

Total No. 
of Sanples 

8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
9 
9 
9 
9 
9 
10 
10 
10 
9 
9 
9 
10 
10 
10 
9 
9 
14 
14 
14 
14 
14 



- - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - -
TABLE 5 (Continued) 

SUMMARY OF SITE CHARACTERIZATION SAMPLING AND ANALYSIS PROGRAM 

No. of Matrix Spike/(4) 
Sarrple(1) Laboratory Study(3) Investigative No. of Field No. of Matrix Spike Total No. of 

!illii! Laboratory Parameters(2,5> Phase Sanples Duplicates Field Blanks Duplicate Sanples 

Hazleton TCL PCB/Pesticides 11 2 2 1 16 

Warzyn TCL Metals 1 11 2 2 D 15 

Warzyn Cyanide 1 11 2 2 0 15 
Private Hazleton TCL Volatiles 2 10 1 1 13 
Wells Hazleton TCL Semi·Volatiles 2 10 1 13 
(Low Hazleton TCL PCB/Pesticides 2 10 1 13 

Detection Warzyn TCL Metals (Total) 2 10 0 12 
Limits) Warzyn Cyanide (Unfiltered) 2 10 0 12 

Warzyn Chloride, Alkalinity, 2 10 0 12 
Sulfate, 

Warzyn Ammonia, Nitrate·Nitrite, 2 10 0 12 
coo 

Leachate Hazleton TCL Volatiles 4 7 

Wells Hazleton TCL Semi·Volatiles 4 1 7 

Hazleton TCL PCB/Pesticides 4 1 7 

Warzyn .TCL Metals (Total) 4 0 6 

Warzyn Cyanide (Unfiltered) 4 0 6 

Warzyn Chloride, Alkalinity, 4 0 6 
Sulfate 

Warzyn Ammonia, Nitrate·Nitrite, 4 0 6 
coo, roc 

Warzyn TDS, TSS 4 0 6 

ACS Effluent Hazleton TCL Volatiles 4 1 7 

Hazleton TCL Semi-Volatiles 4 1 7 

Hazleton TCL PCB/Pesticides 4 1 7 

Warzyn TCL Metals (Total) 4 0 6 

Warzyn Cyanide (Unfiltered 4 0 6 
Warzyn Chloride, Alkalinity, 4 0 6 

Sulfate 
Warzyn Ammonia, Nitrate-Nitrite, 4 0 6 

coo, roc 
Warzyn TSS, TDS 4 1 0 6 

Geotechnical Warzyn Atterberg limits 18 0 0 0 18 
Sarrples-Wells Warzyn Particle Size 18 0 0 0 18 

Warzyn Coefficient of 18 0 0 0 18 
Permeabi l i ty 

Warzyn Cation Exchange Capacity 18 0 0 0 18 
Warzyn Moisture Content 18 0 0 0 18 



- - - - - - - - - - - - -
/ TABLE 5 (Continued) 

SUMMARY OF SITE CHARACTERIZATION SAMPLING AND ANALYSIS PROGRAM 

.!!2m 
1 Samples will be considered low or medium concentration. 
2 See Appendix B for TCL analyte lists, also up to 30 tentatively identified compounds. 
3 The star(*) indicates that the number of samples and specific parameters will be determined 

from Phase 1 and 2A results. Preliminary assessment indicates that up to 9 wells will be 
sampled for the complete TCL, and the remaining number will be sampled for a reduced 
parameter list. Also note that Phase 2A sample number is given as the expected maximum. 

4 

5 

Sample numbers do not reflect the additional volume of samples required for matrix 
spikes and matrix spike duplicate analysis. 
Temperature, pH and specific conductance measurements will be taken in the field for 
aqueous samples. Qualitative screening with the HNu or OVA will be performed on solid samples. 

- - - - - -
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I TABLE 6 

ORGANIC PARAMETERS 
CLP TARGET COMPOUND LIST AND 

I CONTRACT REQUIRED DETECTION LIMITS (CRDL)* 

Quantitation Limits** 

I 
Low Soil/ 

Water Sediment(a) 
Volatiles CAS Number ugLl ugLkg 

I 1. Chloromethane 74-87-3 10 10 
2. Bromomethane 74-83-9 10 10 
3. Vinyl Chloride 75-01-4 10 10 

I 4. Chloroethane 75-00-3 10 10 
5. Methylene Chloride 75-09-2 5 5 

I 
6. Acetone 67-64-1 10 10 
7. Carbon Disulfide 75-15-0 5 5 
8. 1,1-Dichloroethene 75-35-4 5 5 
9. 1,1-Dichloroethane 75-35-3 5 5 

I 10. 1,2-Dichloroethene (Total) 540-59-0 5 5 

11. Chloroform 67-66-3 5 5 

I 12. 1,2-Dichloroethane 107-06-2 5 5 
13. 2-Butanone 78-93-3 10 10 
14. 1,1,1-Trichloroethane 71-55-6 5 5. 

. I 15 . Carbon Tetrachloride 56-23-5 5 5 

16. Vinyl Acetate 108-05-4 10 10 
17. Bromodichloromethane 75-27-4 5 5 

I 18. 1,2-Dichloropropane 78-87-5 5 5 
19. cis-1,3-Dichloropropene 10061-01-5 5 5 
20. Trichloroethene 79-01-6 5 5 

I 21. Dibromochloromethane 124-48-1 5 5 
22. 1,1,2-Trichloroethane 79-00-5 5 5 

I 
23. Benzene 71-43-2 5 5 
24. trans-1,3-Dichloropropene 10061-02-6 5 5 
25. Bromoform 75-25-2 5 5 

I 26. 4-Methyl-2-pentanone 108-10-1 10 10 
27. 2-Hexanone 591-78-6 10 10 
28. Tetrachloroethene 127-18-4 5 5 

I 29. Toluene 108-88-3 5 5 
30. 1,1,2,2-Tetrachloroethane 79-34-5 5 5 

I 
31. Chlorobenzene 108-90-7 5 5 
32. Ethyl Benzene 100-41-4 5 5 
33. Styrene 100-42-5 5 5 
34. Total Xylenes 1330-20-7 5 5 

I 
I 



- -- -- -- ------ --- ------ ---------- -----

I 
Quantitation Limits** 

I Low Soil 
Water Sed i mend a) 

Semi-Volatiles CAS Number ugLl ugLkg 

I 35. Phenol 108-95-2 10 330 

I 
36. bis(2-Chloroethyl)ether 111-44-4 10 330 
37. 2-Chlorophenol 95-57-8 10 330 
38. 1,3-Dichlorobenzene 541-73-1 10 330 
39. 1,4-Dichlorobenzene 106-46-7 10 330 

I 40. Benzyl Alcohol 100-51-6 10 330 

41. 1,2-Dichlorobenzene 95-50-1 10 330 

I 42. 2-Methylphenol 95-48-7 10 330 
43. bis(2-Chloroisopropyl)ether 108-60-1 10 330 
44. 4-Methylphenol 106-44-5 10 330 

I 
45. N-Nitroso-Dinpropylamine 621-64-7 10 330 

46. Hexachloroethane 67-72-1 10 330 
47. Nitrobenzene 98-95-3 10 330 

c I 48. Isophorone 78-59-1 10 330 
49. 2-Nitrophenol 88-75-5 10 330 
50. 2,4-Dimethylphenol 105-67-9 10 330 

I 51. Benzoic Acid 65-85-0 50 1600 
52. bis(2-Chloroethoxy)methane 111-91-1 10 330 

I 
53. 2,4-Dichlorophenol 120-83-2 10 330 
54. 1,2,4-Trichlorobenzene 120-82-1 10 330 
55. Naphthalene 91-20-3 10 330 

I 56. 4-Chl oroanil i ne 106-47-8 10 330 
57. Hexachlorobutadiene 87-68-3 10 330 
58. 4-Chloro-3-methylphenol 59-50-7 10 330 

I 
(para-chloro-meta-cresol) 

59. 2-Methylnaphthalene 91-57-6 10 330 
60. Hexachlorocyclopentadiene 77-47-4 10 330 

I 61. 2,4,6-Trichlorophenol 88-06-2 10 330 
62. 2,4,5-Trichlorophenol 95-95-4 50 1600 
63. 2-Chloronaphthalene 91-58-7 10 330 

I 64. 2-Nitroanil i ne 88-74-4 50 1600 
65. Dimethyl Phthalate 131-11-3 10 330 
66. Acenaphthylene 208-96-8 10 330 

I 67. 2,6-Dinitrotoluene 606-20-2 10 330 
68. 3-Nitroanil i ne 99-09-2 50 1600 
69. Acenaphthene 83-32-9 10 330 

I 70. 2,4-Dinitrophenol 51-28-5 50 1600 
71. 4-Nitrophenol 100-02-7 50 1600 

I 72. Dibenzofuran 132-64-9 10 330 
73. 2,4-Dinitrotoluene 121-14-2 10 330 
74. Diethylphthalate 84-66-2 10 330 

I 
75. 4-Chlorophenyl phenyl ether 7005-72-3 10 330 
76. Fluorene 86-73-7 10 330 

I 



I Quantitation Limits** 

I 
Low Soi 1 

Water Sed i mend c) 
CAS Number ug/1 ug/kg 

I 77. 4-Ni troanil i ne 100-01-6 50 1600 
78. 4,6-Dinitro-2-methylphenol 534-52-1 50 1600 

I 
79. N-nitrosodiphenylamine 86-30-6 10 330 
80. 4-Bromophenyl phenyl ether 101-55-3 10 330 
81. Hexachlorobenzene 118-74-1 10 330 

I 82. Pentachlorophenol 87-86-5 50 1600 
83. Phenanthrene 85-01-8 10 330 
84. Anthracene 120-12-7 10 330 

I 85. Di-n-butylphthalate 84-74-2 10 330 
86. Fluoranthene 206-44-0 10 330 

I 
87. Pyrene 129-00-0 10 330 
88. Butyl benzyl phthalate 85-68-7 10 330 
89. 3,3'-Dichlorobenzidine 91-94-1 10 330 

I 
90. Benzo(a)anthracene 56-55-3 20 660 
91. Chrysene 218-01-9 10 330 

92. bis(2-ethylhexyl)phthalate 117-81-7 10 330 

I 93. Di-n-octylphthalate 117-84-0 10 330 
94. Benzo(b)fluoranthene 205-99-2 10 330 
95. Benzo(k)fluoranthene 207-08-9 10 330 

I 
96. Benzo(a)pyrene 50-32-8 10 330 

97. lndeno(1,2,3-cd)pyrene 193-39-5 10 330 
98. Dibenz(a,h)anthracene 53-70-3 19 330 

I 99. Benzo(g,h,i)pery1ene 191-24-2 10 330 

PesticidesLPCBs 

I 
100. alpha-BHC 319-84-6 0.05 8.0 

I 
101. beta-BHC 319-85-7 0.05 8.0 
102. delta-BHC 319-86-8 0.05 8.0 
103. gamma-BHC (Lindane) 58-89-9 0.05 8.0 
104. Heptachlor 76-44-8 0.05 8.0 

I 105. Aldrin 309-00-2 0.05 8.0 
106. Heptachlor epoxide 1024-57-3 0.05 . 8.0 

I 107. Endosulfan I 959-98-8 0.05 -8.0 
108. Dieldrin 60-57-1 0.10 16.0 
109. 4,4'-DDE 75-55-9 0.10 16.0 

I llO. Endrin 72-20-8 0.10 16.0 
111. Endosulfan II 33213-65-9 0.10 16.0 
112. 4,4-DDD 72-54-8 0.10 16.0 

I 113. Endosulfan Sulfate 1031-07-8 0.10 16.0 
114. 4,4'-DDT 50-29-3 0.10 16.0 

I 
I 
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Qua~titation Limits** 
Low Soil 

Water Sediment(c) 
CAS Number uq/1 ug/kg 

115. Endrin Ketone 53494-70-5 0.10 16.0 
116. Methoxychlor 72-43-5 0.5 80.0 
117. alpha-Chlorodane 5103-71-9 0.5 80.0 
118. gamma-Clordane 5103-74-2 0.5 80.0 
119. Toxaphene 8001-35-2 1.0 160.0 

120. AROCLOR-1016 12674-11-2 0.5 80.0 
121. AROCLOR-1221 11104-28-2 0.5 80.0 
122. AROCLOR-1232 11141-16-5 0.5 80.0 
123. AROCLOR-1242 53469-21-9 0.5 80.0 
124. AROCLOR-1248 12672-29-6 0.5 80.0 

125. AROCLOR-1254 11097-69-1 1.0 160.0 
126. AROCLOR-1260 11096-82-5 1.0 160.0 

a. Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for 
Volatile TCL Compounds are 125 times the individual Low Soil/Sediment 
CRQL. 

b. Medium Soil/Sediment Contract Required Quantitation Limits (CRQL} for 
Semivolatile TCL Compounds are 60 times the individual Low 
Soil/Sediment CRQL. 

c. Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for 
Pesticide/PCB TCL compounds are 15 times the individual low 
Soil/Sediment CRQL. 

* Specific quantitation limits are highly matrix dependent. The 
quantitation limits listed herein are provided for guidance and may not 
always be achievable. For quantification limits for water samples from 

-private wells, see SOP. 

** Quantitation limits listed for soil/sediment are based on wet weight. 
The quantitation limits calculated by the laboratory for soil/sediment, 
calculated on dry weight basis as required by the contract, will be 
higher. Quantification limits for water samples from private wells are 
lower than tabled values, see SOP for details. 

---I 
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NOTES 

I (1) 

I 
I 
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TABLE 7 
TARGET COMPOUND LIST 
INORGANIC PARAMETERS 

ElEMENTS DETERMINED BY 
INDUCTIVELY COUPLED PLASMA EMISSION 

OR ATOMIC ABSORPTION SPECTROSCOPY 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmi urn 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Cyanide 

Required 
Detection level(1) 

Water 
ug/1 

200 
60 
10 

200 
5 
5 

5000 
10 
50 
25 

100 
5 

5000 
15 

0.2 
40 

5000 
5 

10 
5000 

10 
50 
20 

10 

Subject to the restrictions specified in the first part of Part G, 
Section IV of Exhibit D (Alternative Methods - Catastrophic Failure) 
of SOW-7/87. Any analytical method specified in SOW 7/87, Exhibit D 
may be utilized as long as the documented instrument or method 
detection limits meet the Contract Required Detection Limit (CRDL) 
requirements. Higher detection limits may only be used in the 
following circumstance: 
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------

If the sample concentration exceeds five times the detection limit 
of the instrument or method in use, the value may be reported even 
though the instrument or method detection limit may not equal the 
Contract Required Detection Limit. This is illustrated in the 
example below: 

For Lead: 

Method in use - ICP 
Instrument Detection Limit (IDL) - 40 
Sample concentration - 220 
Contract Required Detection Limit (CRCL) - 5 

(2) The value of 200 may be reported even though instrument detection 
limits obtained in pure water that may be met during the procedure 
in Exhibit E of SOW 7/87. The detection limits for samples may be 
considerably higher depending on the sample matrix. 
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TABLE 8 
NON-TCL 

ADDITIONAL WATER QUALITY PARAMETERS 

Parameter 

Total Organic Carbon ................... . 
Total Suspended Solids ................. . 
Total Dissolved Solids ................. . 
Chemical Oxygen Demand ................. . 
Alkalinity (as CAC03) .................. . 
Ammonia ................................ . 
Nitrate-Nitrite ........................ . 
Chloride ............................... . 
Sulfate ................................ . 

Detection Limits (mg/1) 

1.0 
1 
10 
2.0 
5.0 
0.10 
0.02 
1.0 
5.0 
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Metal 

Aluminum 

I 
Antimony 
Arsenic 
Barium 
Beryllium 

I Cadmium 
Calcium 
Chromium 

I 
Cobalt 
Copper 
Iron 
Lead 

I Magnesium 
Manganese 
Mercury 

I Nickel 
Potassium 
Selenium 

I 
Silver 
Sodium 
Thallium 
Vanadium 

I Zinc 

Other 

I Cyanide 

I 
I 
I 
I 
I 

TABLE 9 
INORGANIC PARAMETERS 

NON-TCL LOW DETECTION 
LIMITS 

Required 
Detection Level 

Water 
ug/1 

100 
5 
5 

50 
5 

0.5 
1000 

10 
10 
10 

100 
2 

1000 
10 

0.2 
20 

2000 
2 
5 

1000 
2 

10 
20 

10 
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Figure 6. Chain-of-Custody Seal 
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I 
I ORGANIC PARAMETERS 

CLP TARGET COMPOUND LIST AND 
CONTRACT REQUIRED DETECTION LIMITS' (CRDL) * 

I Quantitation Limits** 
Low Soil/ 

I 
Water Sediment( a) 

Volatiles CAS Number ug/1 ug/kg 

I 
1. Chloromethane 74-87-3 10 10 
2. Bromomethane 74-83-9 10 10 
3. Vinyl Chloride 75-01-4 10 10 
4. Chloroethane 75-00-3 10 10 

I 5. Methylene Chloride 75-09-2 5 5 

6. Acetone 67-64-1 10 10 

I 7. Carbon Disulfide 75-15-0 5 5 
8. 1,1-Dichloroethene 75-35-4 5 5 
9. 1,1-Dichloroethane 75-35-3 5 5 

I 
10. 1,2-Dichloroethene (Total) 540-59-0 5 5 

11. Chloroform 67-66-3 5 5 
12. 1,2-Dichloroethane 107-06-2 5 5 

I 13. 2-Butanone 78-93-3 . 10 10 
14. 1,1,1-Trichloroethane 71-55-6 5 5 
15. Carbon Tetrachloride 56-23-5 5 5 

I 16. Vinyl Acetate 108-05-4 10 10 
17. Bromodichloromethane 75-27-4 5 5 

I 
18. 1,2-Dichloropropane 78-87-5 5 5 
19. cis-1,3-Dichloropropene 10061-01-5 5 5 
20. Trichloroethene 79-01-6 5 5 

I 21. Dibromochloromethane 124-48-1 5 5 
22. 1,1,2-Trichloroethane 79-00-5 5 5 
23. Benzene - 71-43-2 5 5 

I 24. trans-1,3-Dichloropropene 10061-02-6 5 5 
25. Bromoform 75-25-2 5 5 

I 26. 4-Methyl-2-pentanone 108-10-1 10 10 
27. 2-Hexanone 591-78-6 10 10 
28. Tetrachloroethene 127-18-4 5 5 

I 
29. Toluene 108-88-3 5 5 
30. 1,1,2,2-Tetrachloroethane 79-34-5 5 5 

31. Chlorobenzene 108-90-7 5- 5 

I 32. Ethyl Benzene 100-41-4 5 5 
33. Styrene 100-42-5 5 5 
34. Total Xylenes 1330-20-7 5 5 

I 
-I 
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I Quantitation Limits** 
Low Soil 

I Water Sediment(a) 
Semi-Volatiles CAS Number uq/1 uq/kq 

I 35. Phenol 108-95-2 10 330 
36. bis(2-Chloroethyl)ether 111-44-4 10 330 
37. 2-Chlorophenol 95-57-8 10 330 

I 38. 1,3-Dichlorobenzene 541-73-1 10 330 
39. 1,4-Dichlorobenzene 106-46-7 10 330 
40. Benzyl Alcohol 100-51-6 10 330 

I 41. 1,2-Dichlorobenzene 95-50-1 10 330 
42. 2-Methylphenol 95-48-7 10 330 

I 
43. bis(2-Chloroisopropyl)ether 108-60-1 10 330 
44. 4-Methylphenol 106-44-5 10 330 
45. N-Nitroso-Dinpropylamine 621-64-7 10 330 

I 46. Hexachloroethane 67-72-1 10 330 
47. Nitrobenzene 98-95-3 10 330 
48. Isophorone 78-59-1 10 330 

I 49. 2-Nitrophenol 88-75-5 10 330 
50. 2,4-Dimethylphenol 105-67-9 10 330 

I 51. Benzoic Acid 65-85-0 50 1600 
52. bis(2-Chloroethoxy)methane 111-91-1 10 330 
53. 2,4-Dichlorophenol 120-83-2 10 330 

I 
54. 1,2,4-Trichlorobenzene 120-82-1 10 330 
55. Naphthalene 91-20-3 10 330 

56. 4-Chloroanil ine 106-47-8 10 330 

I 57. Hexachlorobutadiene 87-68-3 10 330 
58. 4-Chloro-3-methylphenol 59-50-7 10 330 

(para-chloro-meta-cresol) 

I 59. 2-Methylnaphthalene 91-57-6 10 330 
60. Hexachlorocyclopentadiene 77-47-4 10 330 

I 
61. 2,4,6-Trichlorophenol 88-06-2 10 330 
62. 2,4,5-Trichlorophenol 95-95-4 50 1600 
63. 2-Chlororiaphthalene 91-58-7 10 330 
64. 2-Nitroaniline 88-74-4 50 1600 

I 65. Dimethyl Phthalate 131-11-3 10 330 
66. Acenaphthylene 208-96-8 10 330 

I 67. 2,6-Dinitrotoluene 606-20-2 10 330 
68. 3-Nitroaniline 99-09-2 50 1600 
69. Acenaphthene 83-32-9 10 330 

I 
70. 2,4-Dinitrophenol 51-28-5 50 1600 
71. 4-Nitrophenol 100-02-7 50 1600 

72. Dibenzofuran 132-64-9 10 330 

I 73. 2,4-Dinitrotoluene 121-14-2 10 330 
74. Diethylphthalate 84-66-2 10 330 
75. 4-Chlorophenyl phenyl ether 7005-72-3 10 330 

I 76. Fluorene 86-73-7 10 330 

I 



I Quantitation Limits** 
Low Soil 

I Water Sed i mend c) 
CAS Number ug/1 uq/kq 

I 77. 4-Nitroanil ine 100-01-6 50 1600 
78. 4,6-Dinitro-2-methylphenol 534-52-1 50 1600 
79. N-nitrosodiphenylamine 86-30-6 10 330 

I 80. 4-Bromophenyl phenyl ether 101-55-3 10 330 
81. Hexachlorobenzene 118-74-1 10 330 

I 82. Pentachlorophenol 87-86-5 50 1600 
83. Phenanthrene 85-01-8 10 330 
84. Anthracene 120-12-7 10 330 

I 
85. Di-n-butylphthalate 84-74-2 10 330 
86. Fluoranthene 206-44-0 10 330 

I 
87. Pyrene 129-00-0 10 330 
88. Butyl benzyl phthalate 85-68-7 10 330 
89. 3,3'-Dichlorobenzidine 91-94-1 10 330 
90. Benzo(a)anthracene 56-55-3 20 660 

I 91. Chrysene 218-01-9 10 330 

92. bis(2-ethy1hexyl)phthalate 117-81-7 10 330 

I 93. Di-n-octylphthalate 117-84-0 10 330 
94. Benzo(b)fluoranthene 205-99-2 10 330 
95. Benzo(k)fluoranthene 207-08-9 10 330 

I 
96. Benzo(a)pyrene 50-32-8 10 330 

97. Indeno(1,2,3-cd)pyrene 193-39-5 10 330 
98. Dibenz(a,h)anthracene 53-70-3 19 330 

I 99. Benzo(g,h,i)perylene 191-24-2 10 330 

PesticidesLPCBs 

I 
100. alpha-BHC 319-84-6 0.05 8.0 

I 
101. beta-BHC 319-85-7 0.05 8.0 
102. delta-BHC 319-86-8 0.05 8.0 
103. gamma-BHC (Lindane) 58-89-9 0.05 8.0 
104. Heptachlor 76-44-8 - 0.05 8.0 

I 105. Aldrin 309-00-2 0.05 8.0 
106. Heptachlor epoxide 1024-57-3 0.05 8.0 

·I 107. Endosulfan I 959-98-8 0.05 8.0 
108. Dieldrin 60-57-1 0.10 16.0 
109. 4,4'-DDE 75-55-9 0.10 16.0 

I llO. Endrin 72-20-8 0.10 16.0 
lll. Endosulfan II 33213-65-9 0.10 16.0 

I 
112. 4,4-DDD 72-54-8 0.10 16.0 
113. Endosulfan Sulfate 1031-07-8 0.10 16.0 
114. 4,4'-DDT 50-29-3 0.10 16.0 

I 
I 
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Quantitation Limits** 
Low Soil 

Water Sediment( c) 
CAS Number ug/1 uq/kq 

115. Endrin Ketone 53494-70-5 0.10 16.0 
116. Methoxychlor 72-43-5 0.5 80.0 
117. alpha-Chlorodane 5103-71-9 0.5 80.0 
118. gamina-Clordane 5103-74-2 0.5 80.0 
119. Toxaphene 8001-35-2 1.0 160.0 

120. AROCLOR-1016 12674-11-2 0.5 80.0 
121. AROCLOR-1221 11104-28-2 0.5 80.0 
122. AROCLOR-1232 11141-16-5 0.5 80.0 
123. AROCLOR-1242 53469-21-9 0.5 80.0 
124. AROCLOR-1248 12672-29~6 0.5 80.0 

125. AROCLOR-1254 11097-69-1 1.0 160.0 
126. AROCLOR-1260 11096-82-5 1.0 160.0 

a. Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for 
Volatile TCL Compounds are 125 times the individual Low Soil/Sediment 
CRQL. 

b. Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for 
Semivolatile TCL Compounds are 60 times the individual Low 
Soil/Sediment CRQL. 

c. Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for 
Pesticide/PCB TCL compounds are 15 times the individual low 
Soil/Sediment CRQL. 

* Specific quantitation limits are highly matrix dependent. The 
quantitation limits listed herein are provided for guidance and may not 
always be achievable. For quantification limits for water samples from 
private wells, see SOP. 

** Quantitation limits listed for soil/sediment are based on wet weight. 
The quantitation limits calculated by the laboratory for soil/sediment, 
calculated on dry weight basis as required by the contract, will be 
higher. Quantification limits for water samples from private wells are 
lower than tabled values, see SOP for details. 
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NOTES 

(1) 

TARGET COMPOUND liST 
INORGANIC PARAMETERS 

ElEMENTS DETERMINED BY 
INDUCTIVElY COUPlED PLASMA EMISSION 

OR ATOMIC ABSORPTION SPECTROSCOPY 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryll i urn 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Ni eke 1 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Cyanide 

Required 
Detection Level(1) 

Water 
ug/1 

200 
60 
10 

200 
5 
5 

5000 
10 
50 
25 

100 
5 

5000. 
15 

0.2 
40 

5000 
5 

10 
5000 

10 
50 
20 

10 

Subject to the restrictions specified in the first part of Part G, 
Section IV of Exhibit D (Alternative Methods - Catastrophic Failure) 
of SOW-7/87. Any analytical method specified in SOW 7/87, Exhibit D 
may be utilized as long as the documented instrument or method 
detection limits meet the Contract Required Detection Limit (CRDL) 
requirements. Higher detection limits may only be used in the 
following circumstance: 

I 

- I 
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If the sample concentration exceeds five times the detection limit 
of the instrument or method in use, the value may be reported even 
though the instrument or method detection limit may not equal the 
Contract Required Detection Limit. This is illustrated in the 
example below: 

For Lead: 

Method in use - ICP 
Instrument Detection Limit (IDL) - 40 
Sample concentration - 220 
Contract Required Detection Limit (CRCL) - 5 

(2) The value of 200 may be reported even though instrument detection 
limits obtained in pure water that may be met during the procedure 
in Exhibit E of SOW 7/87. The detection limits for samples may be 
considerably higher depending on the sample matrix. 

~ i 
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NON-TCL 
ADDITIONAL WATER QUALITY PARAMETERS 

Parameter 

Total Organic Carbon ................... . 
Total Suspended Solids ................. . 
Total Dissolved Solids ................. . 
Chemical Oxygen Demand ................. . 
Alkalinity (as CAC03) .................. . 
Ammonia ................................ . 
Nitrate-Nitrite ........................ . 
Chloride ............................... . 
Sulfate ................................ . 

Detection Limits {mq/1) 

1.0 
1 
10 
2.0 
5.0 
0.10 
0.02 
1.0 
5.0 
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I 
I 
I INORGANIC PARAMETERS 

NON-TCL LOW DETECTION 

I liMITS 

I 
Required 

Detection Level 
Water 

Metal uq/1 

I Aluminum 100 
Antimony 5 

I Arsenic 5 
Barium 50 
Beryllium 5 

I 
Cadmium 0.5 
Calcium 1000 
Chromium 10 

I 
Cobalt 10 
Copper 10 
Iron 100 
Lead 2 

I Magnesium 1000 
Manganese 10 
Mercury 0.2 

I 
N i c ke 1 20 ·I Potassium 2000 
Selenium 2 

I 
Silver 5 
Sodium 1000 
Tha 11 i urn 2 
Vanadium 10 

I Zinc 20 

Other 

.I. Cyanide 10 

I 
I 
I 
I 
I 
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ASSAY TITLE: Determination of Organochlorine Pesticides and 
Polychlorinated Biphenyls (PCBs) in Drinking Water 

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc. 
Environmental Analysis 

SCOPE: 

This method covers the determination of the priority pollutant and target 
compound list (TCL) organochlorine pesticides and PCBs in drinking water 
sources using gas chromatography with electron capture (GC-EC) detection. The 
compounds determined by this method are 'reported with detection limits lowP.r 
than those generated by.the standard pesticide/PCB screen. All positive 
results reported using this method are reported only following second column 
confirmation. The following compounds are calibrated and analyzed for under 
this method: 

Aldrin 
alpha-BHC 
beta-BHC 
gamma-BHC (Lindane) 
de lta-BHC 
alpha-chlordane 
gamma-chlordane 
Technical chlordane 
4,4'-000 
4,4'-0DE 

PRINCIPLE: 

4 '4 I -DDT 
Dieldrin 
Endosu lfan I 
Endosulfan II 
Endosulfan sulfate 
End-rin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 

Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

A 1-L sample is extracted with methylene chloride using a separatory funnel. 
The methylene chloride extract is dried with anhydrous sodium sulfate and 

' exchanged to hexane during the concentration step. The final extract volume 
is taken to 1.0 ml for analysis. The extract is separated by gas 
chromatography and the analytes of interest are measured with an electron 
capture detector. This method provides an alumina column cleanup procedure 
and an elemental sulfur removal procedure to aid in the elimination of 
interferences that may be encountered. 
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SENSITIVITY, PRECISION AND ACCURACY: 

The method detection limits presented in Table 1 represent the sensitivities 
that can be achieved in ground water in the absence of interferences. 
Precision and accuracy for this method, as generated from an in house 
validation study, is presented in Table 2. 

REFERENCES: 

Environmental Protection Agency (EPA) Method 608 (Federal Register, 
49(209) :43,321-43,336, October 16, 1984). 

Environmental Protection Agency (EPA) Contract Laboratory Program, Statement 
of Work for "Organic Analysis Multi-Media Multi-Concentration, October 1986. 
Revisions: January 1987; February 1987; July 1987; August 1987. Exhibits: 
B, D, E. 

APPROVED 

REVIEWED 

(10760) 

BY: ~ .. 1. ~ /14/e 
Mark McNabb 
Group Leader 
Environmental Analysis 

David C. Hills 
Manager 
Environmental Analysis 

BY: ?;x,~ru~- ~rfi; 
Debra Curley Arndt 
Manager 
Quality Assurance Unit 

\ 
~ 

DATE: __ 3_-_'1_-_'a_i __ 

DATE: ------

DATE: 
. I 

311'5 ret. 
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The toxicity or carcinogenicity of chemicals used in this method have not been precisely defined; each chemical should be treated as a potential health hazard, and exposure to these chemicals should be minimized. Each analyst is responsible for maintaining awareness of OSHA regulations rega.rding safe handling of chemicals used in this method. Additional references to laboratory safety are available for the information of the analyst. 
The following method analytes have been tentatively classified as known or suspected human or mammalian carcinogens: 4,4'-DDT, 4,4'-000, the BHCs, and the PCBs. Primary standards of these toxic compounds should be prepared in a hood. A NIOSH/MESA-approved toxic gas respirator should be worn when the analyst handles high concentrations of these toxic compounds. 
INTERFERENCES: 

Method interferences may be caused by contaminants in solvents, reagents, glassware, and other sample-processing hardware that lead to discrete artifacts and/or elevated baselines in gas chromatograms. All of these materials must be routinely dem~nstrated to be free from interferences under the conditions of the analysis by running laboratory reagent blanks. Interferences by phthalate esters can pose major problems in pesticide analysis when using the EC detector. These compounds generally appear in the chromatogram as broad eluting peaks. Common flexible plastics contain varying amounts of phthalates. These phthalates are easily extracted or leached from such materials during laboratory operations. Cross-contamination of clean glassware routinely occurs when plastics are handled. Interferences from phthalates can best be minimized by avoiding the use of plastics in the laboratory. Exhaustive cleanup of reagents and glassware may be required to eliminate background phthalate contamination. 

Matrix interferences may be caused by contaminants that are coextracted from the sample. The extent of matrix interferences will vary considerably from source to source, depending on the nature and diversity of the site being sampled. Cleanup procedures provided in this method may be used to minimize or overcome such interferences. 
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The minimum quality assurance quality control (QA/QC) operations necessary to 
satisfy the analytical requirements associated with the determination of the 
pesticide/PCB compounds listed in this method are as follows: · 

0 
0 

0 
0 

Method Blank Analysis 
Surrogate Spike Recovery and Retention Time Monitoring 
Matrix Spike/Matrix Spike Duplicate Analysis 
Specific QA/QC for Pesticide Analysis 

1. Method Blank Analysis 

2. 

A method blank is a volume of deionized, distilled laboratory water 
carried through the entire analytical scheme (extraction, concentration, 
and analysis). The method blank volume must be approximately equal to the 
sample volumes being processed. 

A method blank is performed with every 20 samples processed and/or 
whenever samples are extracted, whichever is most frequent. It is the 
analyst•s responsibility to ensure that method interferences caused by 
contaminants in solvents, reagents, and glassware are minimized. An 
acceptable laboratory method blank should contain less than or equal to 
the reported method detection limit of any single pesticide/PCB target 
compound. 

If a laboratory method blank exceeds the above criteria, the analyst must 
consider the analytical system to be out of control. The source of the 
contamination must be investigated and appropriate corrective measures 
MUST be taken and documented before further sample analysis proceeds. All 
samples processed with a method blank that is out of control MUST be 
reextracted and reanalyzed. 

Surrogate Soike Analysis 

All samples, blanks, and matrix spikes are fortified with the surrogate 
compound dibutylchlorendate (OBC) before extraction to monitor the 
preparation and analysis of samples. The spiking_level is 0.1 ~g/L, 
based on an extraction volume of 1 L, which will produce an extract 
concentration (before any optional dilutions) of 0.1 ~g/ml. 

Surrogate spike recovery must be evaluated by determining whether the 
concentration (measured as percent recovery) falls inside the advisory 
recovery limits listed below. 
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Advisory Surrogate Spike Recovery Limits 

Fraction Surrogate Compound Water 

Pest. Dibutylchlorendate (24-154)* 

These limits are for advisory purposes only. 
determine if a sample should be reanalyzed. 

They are not used to 

3. Matrix Spike/Matrix Spike Duplicate (MS/MSD) Analysis 

In order to evaluate the matrix effect of the sample on the analytical 
methodology and provide both precision and accuracy information, an MS/MSD 
analysis is performed with each set of 20 samples. Spiking is performed 
using a mixture of the following six individual pesticide compounds: 

0 
0 
0 

Heptachlor 
Aldrin 
Dieldrin 

0 
0 
0 

Lindane 
Endrin 
4' 4 I -DDT 

Individual component recoveries ~f the matrix spike are calculated using 
Equation 3.1. 

Matrix spike percent recovery = 

Where: SSR = Spike sample results 
SR = Sample result 

SSR - SR X 100 
SA 

SA = Spike added from spiking mix 

Eq. 3.1 

The analyst is required to calculate the relative percent difference (RPO) 
between the matrix spike and matrix spike duplicate. The RPO for each 
component is calculated using Equation 3.2. 

RPO = __ 01--=---!!2- X 100 
( 01 + 02) /2 

Where: D1 = First sample value 

Eq. 3.2 

D2 = Second sample value (duplicate) 

---, 
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Fraction 

Pesticide 
Pesticide 
Pesticide 
Pesticide 
Pesticide 
Pesticide 

Matrix Spike Recovery Limits 

Matrix Spike Compound 

Lindane 
Heptachlor 
Aldrin 
Dieldrin 
End ri n 
4 4 1 -0DT 

Water* 

46-118 
29-119 
30-108 
39-133 
53-114 
38-130 

* These limits are for advisory purposes only. They are not to be 
used to determine if a sample should be reanalyzed. 

Pesticide Retention Time Windows 

The external standard quantitation method must be used to quantitate all 
pesticides/PCBs. Before performing any sample analysis, the analyst is 
required to determine the retention time window for each pesticide/Pea 
target compound and the surrogate spike compound, OBC. These retention 
time windows are used to make tentative identifi~ation of pesticfdes/PCBs 
during sample analysis. -

Before establishing retention time windows, the GC operating conditions 
(oven temperature and flow rate) must be adjusted such that 4,4•-DDT has a 
retention time of greater than or equal to 12 minutes on packed GC 
columns, except on OV-1 or OV-101 columns. 

Establish retention time windows as follows: 

0 

0 

Before initiating analysis on a GC system and each time a new GC 
column is installed, make three injections of all single component 
pesticide mixtures, multi-response pesticides, and PCBs throughout 
the course of a 72-hour period. The concentration of each 
pesticide/PCB should be sufficient to provide a response that is 
approximately half scale. The three injections of each compound are 
made at approximately equal intervals during the 72-hour period, 
(i.e., each compound is injected near the beginning, middle, and end 
of the 72-hour_ period). 

Verify the retention time shift for OBC in each standard. The 
retention time shift between the initial and.subsequent standards 
must be less than 2.0% difference for packed columns and less than 
1.5% difference for wide-bore capillary columns. If this criterion 
is not met, continue injecting replicate standards until the 
criterion is satisfied. 
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Calculate the standard deviation of the three absolute retention 
times for each single component pesticide. For multiresponse 
pesticides or PCBs, choose one major peak from the envelope and 
calculate the standard deviation of the three retention times for 
that peak. 

The standard deviations determined are used to determine the 
retention time window for a particular 72-hour sequence. Apply plus 
or minus three times the standard deviations to the retention time of 
each pesticide/PCB determined for the first analysis of the 
pesticide/PCB standard in a given 72-hour analytical sequence. This 
range of retention times defines the retention time window for the 
compound of interest for that 72-hour sequence. Note that by 
definition, the retention time of a pesticide/PCB from the first 
analysis of that compound in the 72-hour sequence is the center of 
the retention time window (do not use the retention time measured 
during the initial determination of the retention·time windows as the 
center of the retention time windo~). The experience of the analyst 
should weigh heavily in the interpretation of chromatograms. For 
multiresponse pesticide/PCBs, the analyst should use the retention 
time window, but should rely primarily on pattern recognition. 

In those cases where the retention time window for a particular 
pesticide/PCB is less than 0.01 minutes, the analyst may use 
whichever of the following formulas apply. 

For packed columns, the retention time window of the particular 
pesticide/PCB is calculated as ±1% of the initial retention. time 
of the compound in the 72-hour sequence. 

For wide-bore capillary columns [inner diameter (i.d.) greater 
than 0.32 mm], the retention time window of the particular 
pesticide/PCB is calculated as ±Q.75% of the initial retention 
time of the compound in the 72-hour sequence. 

For narrow-bore capillary columns (i.d. less than 0.32 mm), the 
retention time window of the particular pesticide/PCB is 
calculated as ±Q.l5% of the initial retention time of the 
compound in the 72-hour sequence. 
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5. Primary GC Column Analysis 

Primary analysis determines whether or not pesticides/PCBs are present in 
the sample, and establishes a tentative identification of each compound. 
Quantitation may be performed on the primary analysis if the analysis 
meets all of the QC criteria specified for quantitation. NOTE: To 
determine that no pesticides/PCBs are present at or above the required 
quantitation limit ii a form of quantitation. 

Separation should be greater than or equal to 25% resolution between the 
peaks. This criteria must be considered when determining whether to 
quantitate on the primary analysis or the confirmation analysis. When 
this criterion cannot be met, quantitation is adversely affected because 
of the difficulty in determining where to establish the baseline. 

Evaluation Standard Mixtures 

0 

0 

0 

0 

Prepare Evaluation Standard Mixes A, B, and C (aldrin, endrin, 
4,4 1 -DDT and DBC) at the three concentration levels described in the 
method. Analyze the three evaluation standard mixes sequentially at 
the beginning of each 72-hour period (see Figure 1). 

Calculate the calibration factor (ratio of the total area to the mass 
injected) for each compound in Evaluation Standard Mixes A, B, and c 
using Equation 5.1. 

Calibration factor= Total area of peak Eq. 5.1 
Mass injected (in nanograms) 

Using the calibration factors from above, calculate the percent 
relative standard deviation (%RSD) for each compound at the three 
concentration levels using Equation 5.2. The %RSD for aldrin, 
endrin, 4,4 1 -00T and DBC must be less than or equal to 10.0%. ·rf the· 
%RSO exceeds 10.0% for 4,4•-ooT, a three-point DDT series (DDT, DOD, 
DOE) may be run and used to establish a calibration curve for those 
three compounds; otherwise, corrective action must be taken to bring 
·the DOT %RSD within 10%. 

NOTE: The 10.0% RSD linearity criteria pertains only to columns being 
used for pesticide/PCB quantitation. If a column is used only for 
surrogate quantitation, the 10.0% RSO is only required for DBC. 

% RSD = ~ X 100 
Eq. 5.2 

X 
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N 
Where: Standard deviation (SO) = r ...i.!1_:....tl2_ 

1=1 N-1 

x =Mean of initial three calibration factors (per compound). 

Evaluate the chromatogram from the analysis of the Evaluation Standard 
Mix B. The appearance of peaks in addition to the four main pesticide peaks 
indicates a breakdown of endrin and/or 4,4'-DDT. 

Calculate the percent breakdown for endrin and/or 4,4'-0DT on the mixed phase 
(1 .5% OV-16/1 .95% OV-210 or equivalent) GC column using Equations 5.3 and 
5.4. The percent breakdown for endrin or 4,4' -DDT must not exceed 20.0%. 
Corrective action must be taken before analysis continues if this criterion 
is not met. 

% breakdown = Total DDT degradation peak area (DOE, DOD) X 100 
for 4,4'-0DT Total DDT peak area (DDT, DOE, ODD} Eq. 5.3 

Total eldrin degradation peak areas 
% breakdown = (endrin aldehyde, endrin ketone) Eq. 5.4 
for Endrin Total endrin peak area 

(endrin, endrin aldehyde, endrin ketone) 

Calculate the percent breakdown for endrin and/or 4,4' -DDT on the OV-1 or 
equivalent GC column using Equations 5.3 and 5.4. The percent breakdown for 
Endrin or 4,4'-DDT must not exceed 20.0%. Corrective action must be taken 
before analysis continues if this criterion is not met. 

If there is evidence of a peak at the retention time for endrin 
aldehyde/4,4'-000 (which coelute on the OV-1 or equivalent GC column), 
calculate a combined percent breakdown for endrin/4,4'-DDT using Equation 
5.5. The combined endrin/4,4' -DDT percent breakdown must not exceed ·20.0%, 
or else corrective action must be taken before analysis continues. The term 
"peak height" may be substituted for the term "peak area.n 

Total endrin/DDT degradation peak area 
Combined % = (000, DOE, endrin aldehyde, endrin ketone) 
breakdown Total endrin/DDT peak area 

(endrin, endrin aldehyde, endrin ketone, 
DDT, ODD, ODE) 

Eq. 5. 5 
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Suggested Maintenance 

Corrective measures may require any one or more of the following remedial 
actions: 

o Packed columns. For instruments with off-column injection, replace 
the demister trap, and clean and deactivate the glass injection port 
insert, or replace it with a cleaned and deactivated insert. Inspect 
the injection end of the column and remove any foreign material 
(broken glass from the rim of the column or pieces of septa). 
Replace the glass wool with fresh deactivated glass wool. Also, it 
may be necessary to remove the first few millimeters of packing 
material if any discoloration is noted. Swab out the inside walls of 
the column if any residue is present. If these procedures fail to 
eliminate the degradation problem, it may be necessary to deactivate 
the metal injector body (described below) and/or repack/replace the 
column. ' 

o Capillary columns. Clean and deactivate the glass injection port 
insert or replace it with a cleaned and deactivated insert. Break 
off the first few inches (up to 1 ft) of the injection-port side of 
the column. Remove th~ column and backflush with solvent according 
to the manufacturer•s instructions. If these procedures fail to 
eliminate the degradation problem, it may be necessary to deactivate 
the metal injector body and/or replace the column. 

o Metal Injector Body. Turn off the oven and remove the analytical 
column when the oven has cooled. Remove the glass injection port 
insert (instruments with off-column injection or Grob). Allow the 
injection port temperature .to come to room temperature. Inspect the 
injection port and remove any noticeable foreign material. 

Place a beaker beneath the injector port inside the GC oven. Using a wash 
bottle, serially rinse the entire inside of the injector port with acetone 
and then toluene, catching the rinsings in the beaker. 

Prepare a solution of deactivating agent (Sylon-CT or equivalent) 
following manufacturer•s directions. After all metal surfaces inside the 
injector body have been thoroughly coated with the deactivation solution, 
serially rinse the injector body with toluene, methanol, acetone, and 
hexane. Reassemble the injector and replace the GC column. 
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Individual Standard Mixtures A and B 

Prepare tndividual Standard Mixtures A and B containing the 
single-component pesticides. One mixture of all of the single component 
pesticides is acceptable when using a capillary column if resolution of 
all compounds is achieved. Prepare separate solutions of all 
multi-response pesticides and PCBs. (Aroclor 1016 and Aroclor 1260 may be 
combined in a single mixture.) 

Analyze Individual Standard Mixtures A and Band all multi-response 
pesticide/PCBs at the beginning of each 72-hour period (Figure 1) and 
analyze Individual Standard Mixtures A and B at the intervals specified in 
the analytical sequence in Figure 1 and whenever sample analysis is 
completed. The calibration factor for each standard quantitated 
(Individual Standard Mix A or B) (Equation 5.6), must not exceed a 15.0% 
difference for a quantitation run, nor exceed a 20.0% difference for a 
confirmation run during the 72-hour period. Calculate the percent 
difference using Equation 5.7. Deviatfon~ greater than 15.0% r~quire the 
analyst to repeat the samples analyzed following the quantitation standard 
that exceeded the criterion. 

Calibration factor= Total area of peak* 
Mass injected (in nanograms) Eq. 5.6 

*For multiresponse pesticide/PCBs, use the total area of all peaks 
used for quantitation. The t~rm "peak height" may be substituted 
for the term "peak area." 

Percent difference = _Rl--=--R2- X 100 
Rl Eq. 5. 7 

Where: R1 = Calibration factor from first analysis 
R2 = Calibration factor from second or subsequent analysis 
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Sample Analysis (Primary GC Column) 

Samples are analyzed according to the sequence described in Figure 1. 

The retention time shift for DBC must be evaluated after the analysis of each 
sample. The retention time shift must be less than a 2.0% difference for 
packed GC columns between the initial standard analysis and any sample or 
standard analyzed during the 72-hour period. The percent difference for 
wide-bore capillary columns (i.d. greater than 0.32 mm) must be less than 
1.5%. The percent difference for narrow-bore capillary columns (i.d. less 
than 0.32 mm) must be less than 0.3% (Equation 5.8). 

Percent Difference = __Rl1 - RTs X 100 
RT1 Eq. 5.8 

Where: RT1 = Absolute retention time of DBC in the initial 
standard (Evaluation Standard Mix A) 

RTs = Absolute retention time of DBC in the sample 
or subsequent ·standard 

Evaluate the GC column throughout the analysis of samples by injecting 
Evaluation Standard Mix Bat the frequency outlined in Figure 1. 

Calculate the percent breakdown for 4,4'-00T and endrin using Eq. 5.5. 
Take corrective action when the breakdown for 4,4' -DOT or endrin exceeds 
20.0%. 
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72-Hour Sequence for Pesticide/PCB Analysis 

1. Evaluation Standard Mix A 
2. Evaluation Standard M1x B 
3. Evaluation Standard Mix C 
4. Individual Standard Mix A* 
5. Individual Standard Mix B* 
6. Toxaphene 
7. Technical Chlordane 
8. Aroclors 1016/1260 
9. Aroclor 1221 

10. Aroclor 1232 
11. Aroclor 1242 
12. Aroclor 1248 
13. Aroclor 1254 
14. 5 Samp 1 es 
15. Evaluation Standard Mix B 
1 6. 5 Samp 1 es · 
17. Individual Standard Mix A orB 
1 8 . 5 Samp 1 e s 
19. ·Evaluation Standard Mix B 
20. 5 Samples 
21. Individual Standard Mix A orB 

(whichever was not run in Step 16) 
22. 5 Samples 
23. Repeat the above sequence starting 

with Step 14 
24. Pesticide/PCB analysis sequence must 

end with Individual Standard Mixes A and B 
regardless of number of samples analyzed. 

* These may be one mixture (provided adequate separation can be shown) 

6. Confirmation Analysis (GC/EC) 

Confirmation analysis confirms the presence of all compounds tentatively 
identified in the primary analysis. Therefore, the only standards 
required are the evaluation standard mixes (to check linearity and 
degradation criteria) and standards of all compounds to be confirmed. The 
linearity criterion on the confirmation column for pesticides is not 
required unless the column is used for quantitation. The 72-hour sequence 
described in Figure 1 is therefore modified to fit each case. 
Quantitation may be performed on the confirmation analysis. If toxaphene 
or DDT is to be quantitated, additional linearity requirements are 
necessary. 



-------

I -OFFICIAL COPY- :CONFlDENT!AL 
1-"F~t\DE SL-:CRET 

HAZLETON LABORATORIES 
A.~ ERICA I jNC. 

MP-LDLP-MA 
PAGE 14 of 39 

I 
00 NOT OUPUG.'\TE 

Hazleton LaborJ\ories 
America, Inc. 

DATE: 03/18/88 
REPLACES: Original 
SECTION: 6004 

I Quality ;\ssurance Unit 
~----

DO NOT DUPLICATE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Separation should be greater than or equal to 25% resolution between 
peaks. This criteria must be considered when determining whether to 
quantitate on the primary analysis or the confirmation analysis. When 
this criterion cannot be met, quantitation is adversely affected because 
of the difficulty in determining where to establish the baseline. 

For a fused silica capillary confirmation (FSCC), there must be 
greater than or equal to 25% resolution (valley) between the 
following pesticide pairs: 

o Beta-BHC and delta-BHC 
o Dieldrin and 4,4'-00T 
o 4,4'-000 and endrin aldehyde 
o Endosulfan sulfate and 4,4'-0DT 

All QC specified previously must be adhered to, i.e., the greater than or 
equal to 12 minutes retention time for 4,4'-DDT, and the specified 
criteria for 4,4'-DOT and endrin degradation, linearity, calibration 
factor for standards, and retention time shift for DBC. The retention 
time requirement for 4,4'-DDT does not have to be met if the confirmation 
column is OV-1 or OV-101. 

Begin the confirmation analysis GC sequence with the three concentration 
levels of Evaluation Standard Mixes A, B, and C. The exception to this 
occurs when toxaphene and/or the DDT series are confirmed and 
quantitated. There are four combinations of pesticides that could occur, 
therefore, the following sequences must be followed depending on the 
situation. 

Toxaphene only. Begin the sequence with Evaluation Mix B to check 
degradation, followed by three concentration levels of toxaphene. 
Check linearity by calculating %RSD. If less than or equal to 10.0% 
RSD, use the appropriate calibration factor for calculation. If 
greater than 10.0% RSD, plot a standard curve and determine the ng 
for each sample in that set from the curve. 

DDT, ODE, ODD only. Begin the sequence with Evaluation Mix B. Then 
inject three concentration levels of a standard containing DOE, ODD, 
and DDT. Calculate linearity and follow the requirements specified 
earlier under the primary GC analysis for each compound to be 
quantitated. 

DDT series and toxaphene. Begin the sequence with Evaluation Mix B. 
Then inject three concentration levels of toxaphene and another three 
levels of the DOT series. Calculate linearity and follow the 
requirements specified under the primary GC analysis for each 
compound to be quantitated. 
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Other pesticides/PC8s plus DDT series and/or toxaphene. Begin the 
sequence with Evaluation Standard Mixes A, 8, and C. Calculat• 
linearity on the four compounds in the Evaluation Standards mixes. 
If DDT and/or one or more of the other compounds are greater than 
10.0% RSD and/or degradation exceeds the criterion, corrective 
maintenance as outlined earlier should be performed before repeating 
the above chromatography evaluation. If only DDT exceeds the 
linearity criteria and one or more of the DDT series is to be 
quantitated, inject three concentration levels of the DOT series 
(DOT, DOE, ODD) as described in the earlier paragraph (do not repeat 
Evaluation Mix B). If none of the DDT series is to be quantitated . 
and DOT exceeds the 10.0% RSD, simply record the %RSO on the proper 
form. Anytime toxaphene is to be quantitated follow the instructions 
as given in the paragraph describing toxaphene only. 

After the linearity standards are injected, continue the confirmation 
analysis injection sequence with all compounds tentatively identified 
during primary analysis to establish the daily retention time windows for 
the confirmation ana-lysis. Analyze all confirmation standards for a case 
at the beginning, at intervals specified in the following paragraph and at 
the end. Any pesticide out~ide of its established retention time window 
requires immediate investigation and correction before continuing the 
analysis. The analyst must. reanalyze all samples between the standard 
that exceeds the criterion and a subsequent standard that meets the 
criterion. 

Begin injection of samples at this point of the confirmation analysis 
sequence. Analyze groups of five samples with a standard pertaining to 
the samples after each group (Evaluation Mix 8 is required after the first 
five samples, and every 10 samples thereafter, e.g., after 5, 15, 25, 
etc.). The alternating standard's calibration factors must be within 
15.0% of each other if quantitation is performed. Deviations larger than 
15.0% require the laboratory to repeat the samples analyzed between the 
standard that exceeds the criterion and a subsequent standard that meets 
the criterion. The 15.0% criterion only pertains to compounds being 
quantitated. 

If more than one standard is required to confirm all compounds tentatively 
identified in the primary analysis, include an alternate standard after 
each 10 samples. 

Samples must also be repeated if the degradation of either DOT and/or 
Endrin exceed 20.0% on the intermittent Evaluation Standard Mix B. 
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If the samples are split between two or more instruments, all standards 
and blanks pertaining to those samples must be analyzed on each instrument. 

Inject the method blanks (extracted with each set of samples) on every GC 
and GC column on which the samples are analyzed. 

APPARATUS: 

o Separatory funnel - 2,000 ml with Teflon~ stopcock. 

o Drying column - Chromatographic column approximately 400 mm x 19 mm 
i.d., with coarse frit. (Substitution of a small pad of disposable 
Pyrex• glass wool for the frit will help prevent cross-contamination 
of sample extracts.) 

0 

0 

0 

0 

0 

0 

0 

Concentrator tube - Kuderna-Oanish, 10 ml, graduated (Kontes 
K-570050-025 or equivalent). Calibration must be checked at the 
volumes employed in the test. Ground glass stopper is used to 
prevent evaporation of extracts. 

Evaporative flask - Kuderna-Oanish, 500 ml (Kontes K-57000010500 or 
equivalent). Attach to concentrator tube with springs. 

Snyder column - Kuderna-Danish, three-ball macro (Kontes 
0-503000-0121 or equivalent). 

Snyder ~olumn - Kuderna-Danish, two-ball micro (Kontes 0-569001-0219 
or equivalent). 

Chromatographic column for alumina- 8-ml (200 mrn X 3 mrn i.d.) 
polypropylene column (Kontes 0-520160 or equivalent), or 6-ml (150 mm 
x 8-mm i.d.) glass column (Kontes K-420155 or equivalent), or 5-ml 
serological pipettes plugged with a small piece of Pyrex glass wool 
or polyethylene porous disk (Kontes K-420162). 

Pyrex glass wool - Pre-rinse glass wool with appropriate solvents to 
ensure its cleanliness. 

Silicon carbide boiling chips -Approximately 10/40 mesh. Heat to 
400°C for 30 minutes or Soxhlet extract with methylene chloride. 
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Water bath - Heated, with concentric ring cover, capable of 
temperature control (~ 2°C). The bath should be used in a hood. 

Balance- Analytical, capable of accurately weighing ±Q.OOOl g. 

Nitrogen evaporation device equipped with a water bath that can be 
maintained at 35- to 40°C. The N-Evap by Organomation Associates, 
Inc., South Berlin, Massachusetts (or equivalent) is suitable. 

Gas chromatograph - An analytical system complete with gas 
chromatograph and all required accessories including syringes, 
analytical columns, gases, electron capture detector, and strip-chart 
recorder with recording integrator. A data system is required for 
measuring peak areas or peak heights and recording retention times. 

o Quantitation and/or confirmation columns: 

REAGENTS: 

Column 1: 6-ft long, 4-mrn i.d. glass packed column 
1.5% SP-2250/1 .95% SP-2401 on 100/120 Suppelcoport 

Column 2: 6-ft long, 4-mm i.d. glass packed column 
3% SP-21 00 on 100/1 20 Suppe 1 cart 

Column 3: 30-m long, 0.53-mm i.d. fused silica megabore cap 
column DB-5 

Column 4: 30-m long, 0.53-mm i.d. fused silica megabore cap 
column DB-608 

Reagent water - Reagent water is defined as a water in which an interferent is 
not observed at or above the method detection limit of each parameter of 
interest. 

Acetone, hexane, isoctane (2,2,4-trimethylpentane), methylene chloride -
Pesticide quality or equivalent. 

Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 400°C for 4 
hours in a shallow tray. 

Alumina- Neutral, Super I Woelm or equivalent. (Universal Scientific, 
Incorporated, Atlanta, Georgia or equivalent.) Prepare Activity III by adding 
7% (v/w) reagent water to the Super I neutral alumina. Tumble or shake in a 
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wrist-action shaker for a minimum of 2 hours or preferably overnight. There 
should be no lumps present. Store in a tightly sealed glass container. A 
25-cycle Soxhlet extraction of the alumina with methylene chloride is required 
if a solvent blank analyzed by the pesticide technique indicates any 
interferences for the compounds of interest. 

Alumina Equivalency Check. Check recovery of all single component 
pesticides following the procedure as outlined under the procedure. The 
percent recovery for all single component pesticides must be greater than 
or equal to 80%, except for endosulfan sulfate, which must be greater than 
or equal to 60%, and endrin aldehyde, which is not recovered. The data 
must be retained by the laboratory and made available for inspection 
during on-site evaluations. If the alumina deactivated with 7% {v/w) 
reagent water does not prove adequate to remove the BNA surrogates and 
other interferences, the alumina may be deactivated with as much as 9% 
reagent water, so long as the criteria for tribromophenol and the recovery 
of all single component pesticides can be met. 

Sodium hydroxide solution (lON)-(ACS). Dissolve 40 g NaOH in reagent water 
and dilute to 100 ml. 

Tetrabutylammonium (TBA) - Sulfite reagent. Dissolve 3.39 g 
tetrabutylammonium hydrogen sulf~te in 100 ml distilled water. To remove 
impurities, extract this solution three times with 20-ml portions of hexane. 
Discard the hexane extracts., and add 25 g sodium sulfite to the water 
solution. Store the resulting solution, which is saturated with sodium 
sulfite, in an amber bottle with a Teflon-lined screw cap. This s6lution can 
be stored at room temperature for at least 1 month. 

Pesticide surrogate standard spiking solution. 

The surrogate standard is added to all samples and calibration solutions; 
the compound specified for this purpose is DBC. 

Prepare a surrogate standard spiking solution at a concentration of 
1 pg/1 .00 ml in acetone. Store the spiking solutions at 4°C (±2°C) in 
Teflon-sealed containers. The solutions should be checked frequently for 
stability. These solutions must be replaced after 12 months, or sooner, 
if comparison with quality control check samples indicates a problem. 

-· ... ~ ...... 
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Sulfuric acid solution (1+1)-(ACS). Slowly add 50 ml H2so4 (sp. gr. 1 .84) /to 50 mL of reagent water. 

Stock standard solutions (1.00 ~g/ml) -Stock standard solution can be prepared from pure standard materials or purchased as certified solutions. 
Prepare stock standard solutions by accurately weighing about 0.0100 g of pure material. Dissolve the material in toluene, dilute to volume in a lO-mL volumetric flask with isoctane. Larger volumes can be used at the convenience of the analyst. If compound purity is certified at 96% or greater, the weight can be used without correction to calculate the concentration of the stock standard. Commercially prepared stock standards can be used at any concentration if they are traceable to EMSL/LV supplied standards. 

Transfer the stock standard solutions into a bottle/vial with Teflon-lined septa. Store at 4°C (±2°C) and protect from light. Stock standard solutions must be replaced after 12 months, or sooner, if comparison with check standards indicate·a problem. 
Pesticide matrix standard spiking solution. Prepare a spiking solution of acetone or methanol that contains the following pesticides in the concentrations specified. 

Pesticide 
Lindane 
Heptachlor 
Aldrin 
Dieldrin 
End ri n 
4,4' DDT 

H9/l.O ml 
0.2 
0.2 
0.2 
0.5 
0.5 
0.5 

Matrix spikes are also to serve as duplicates by spiking two 1-L portions from the one sample chosen for spiking. 
Evaluation Standard Mixtures - Prepare working standard mixtures diluted with hexane containing aldrin, endrin, 4,4'-DOT, and DBC to evaluate the GC column. Prepare three concentration levels as follows: 
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Cuariry Assurance Unit --------. 
Standard I.O. 
EVAL A 
EVAL B 
EVAL C 

DO NOT DUPLICATE 

A 1 dri n 
( ug/ml) 
0.005 
0.025 
0.05 

Endrin 
( \.19/ml) 
0.010 
0.050 
0.100 

Working Standard Solutions: 

4,4 I DOT 
( \.19/ml} 
0.010 
0.050 
0.100 

OBC 
J!illl.l 
0.010 
0.050 
0.100 

Individual Standard Mixtures -These include all single-component 
organochlorine pesticides as well as the surrogate compound DBC. Two mixtures 
of the individual component standards are prepared to prevent coelution of 
components when using packed columns. Prepare the two individual standard 
mixtures, diluted in hexane, containing the following pesticides in the 
concentrations specified. 

Individual Mix A Individual Mix B 
Pesticide \.lg/ml Pesticide \.19/ml 
garruna-BHC 0.025 a 1 pha-BHC 0.025 
Heptachlor 0.025 beta-BHC 0.025 
Aldrin 0.025 delta-BHC 0.025 
Heptachlor epoxide 0. 025_ p,pl-ooE 0.05 
Endosulfan 1 0.025 Endrin 0.05 
Dieldrin 0.05 p,pLooo 0.05 
p 'p 1 DOT 0.05 Endosulfan sulfate 0.05 
Endrin aldehyde 0.05 Endrin ketone 0.05 
Endosu lfan II 0.05 alpha-chlordane 0.025 
Methoxychlor 0.25 gamma-ch 1 ordane 0.025 
Oibutylchlorendate 0.10 Dibutylchlorendate 0.10 

Multicomponent Standards- All multicomponent standards, e.g., PCB aroclors, 
toxaphene, and technical chlordane, must be in separate solutions with the 
exception of aroclors 1016/1260. Oibutylchlorendate is also to be included in 
each multicomponent standard mixture. Prepare the following standards in 
hexane at the specified concentrations: 
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Procedure 

Standard 1.0. 
Toxaphene 
Technical Chlordane 
PCB 1016/1260 
PCB 1232 
PCB 1242 
PCB 124B 
PCB 1254 
PCB 1260 

119/ml 
0.40 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

1. Sample Storage and Holding Times 

1.1 Procedures for Sample Storage 

1.1.1 The samples must be protected from light and refrigerated at 
4°C (±2°C) from the time of receipt until extraction and 
analysis. 

1.1 .2 After analysis, ~xtracts and unused sample volume must be 
protected from light and refrigerated at 4°C ±2° for the 
periods specified in the contract schedule. 

1.2 Holding Time 

All samples should be extracted within 7 days of collection and 
completely analyzed within 40 days of extraction. 

2. Sample Extraction - Separatory Funnel 

2.1 

2.2 

Samples may be extracted using separatory funnel techniques. 
emulsions prevent acceptable solvent recovery with separatory 
extractions, continuous liquid-liquid extraction may be used. 
separatory funnel extraction scheme described below assumes a 
volume of 1 L. 

If 
funnel 
The 

sample 

Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and 
place it into a 2-L separatory funnel. Check the pH of the sample 
with wide-range pH paper and adjust to between 5 and 9 pH with 10~ 
sodium hydroxide and/or 1:1 sulfuric acid solution. (Note: Recovery 
of DBC will be low if pH is outside this range. Alpha-BHC, 
gamma-BHC, Endosulfan I and II, and endrin are subject to 
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decomposition under alkaline conditions, and therefore may not be 
detected if the pH is above nine). Add 100 pl of surrogate 
standard spiking solution into the separatory funnel and mix well. 
Add 100 pl of pesticide matrix spiking solution to each of two 1-L 
portions from the sample selected for spiking. {If insufficient 
sample is available to perform matrix spikes, prepare duplicate 
control spikes, using laboratory reagent water and analyze in lieu of 
the matrix spikes.) 

2.3 Add 60 mL methylene chloride to the separatory funnel and extract the 
sample by shaking the funnel for 2 minutes, with periodic venting to 
release excess pressure. Allow the organic layer to separate from 
the water phase for a minimum of 10 minutes. If the emulsion 
interface between layers is more than one-third of the volume of the 
solvent layer, the analyst must employ mechanical techniques to 
complete the phase separation. The optimum technique depends upon 
the sample, and may include: stirring, filtration of the emulsion 
through glass wool, centrifugation, or other physical means. Drain 
methylene.chloride into a 250-ml Erlenmeyer flask. 

2.4 Add a second 60-ml volume of methylene chloride to the sample bottle 
and repeat the extraction procedure a second time, combining the 
extracts in the Erlenmeyer flask. Perform a third extraction in the 
same manner. 

2.5 Assemble a Kuderna-Danish (K-0) concentrator by attaching a 10-ml 
concentrator tube to a 500-ml evaporative flask. Other concentration 
devices or techniques may be used in place of the K-0 if equivalency 
is demonstrated for all pesticides listed in this method. 

2.6 Pour the combined extract through a drying column containing about 
10 em of anhydrous granular sodium sulfate, and collect the extract 
in the K-0 concentrator. Rinse the Erlenmeyer flask and column with 
20 to 30 ml of methylene chloride to complete the quantitative 
transfer. 

2.7 Add one or two clean boiling chips to the evaporative flask and 
attach a three-ball Snyder column. Pre-wet the Snyder column by 
adding about 1 ml methylene chloride to the top. Place the K-D 
apparatus on a hot water bath (80° to 90°C) so that the concentrator 
tube is partially immersed in the hot water and the entire lower 
rounded surface of the flask is bathed with hot vapor. Adjust the 
vertical position of the apparatus and the water temperature as 
required to complete the concentration in 10 to 15 minutes. At the 
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proper rate of distillation, the balls of the column will actively 
chatter but the chambers will not flood with condensed solvent. When 
the apparent volume of liquid reaches 1 ml, remove the K-0 
apparatus. Allow it to drain and cool for at least 10 minutes. 

2.8 Momentarily remove the Snyder column, add 50 mL of hexane and a new 
boiling chip, and re-attach the Snyder column. Pre-wet the column by 
adding about 1 mL of hexane to the top. Concentrate the solvent 
extract as before. The elapsed time of concentration should be 5 to 
10 minutes. When the apparent volume of liquid reaches 1 mL, remove 
the K-0 apparatus and allow it to drain and cool at least lO.minutes. 

2.9 Remove the Snyder column, and rinse the flask and its lower joint 
into the concentrator tube with 1 to 2 mL of hexane. 

3. Nitrogen Slowdown 

3.1 Place the concentrator tube in a warm water bath (35°C) and evaporate 
the solvent volume to 0.5 ml using a gentle stream of clean, dry 
nitrogen (filtered through a column of activated carbon). Caution: 
New plastic tubing must not be used between the carbon trap and the 
sample, as it may introduce interferences. The internal wall of the· 
tube must be rinsed down several times with hexane during the 
operation, and the final volume must be brought to 0.5 ml. During 
evaporation, the tube solvent level must be kept below the water 
level of the bath. The extract must never be allowed to become dry. 

3.2 Dilute the extract to 1 ml with acetone and proceed to Step 5 Alumina 
Column Cleanup. 

4. Sample Extraction - Continuous Liquid-Liquid Extractor 

4.1 When experience with a sample from a given source indicates that a 
serious emulsion problem will result, or if an emulsion is 
encountered in Step 2.3 using a separatory funnel, a continuous 
extractor should be used. 

4.2 Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and 
place it into the continuous extractor. Add 100 ~1 of surrogate 
standard spiking solution into the continuous extractor and mix 
well. Check the pH of the sample with wide-range pH paper and adjust 
the pH to between 5 and 9 with lON sodium hydroxide and/or 1 :1 
sulfuric acid solution. 
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4.3 Add 500 ml of methylene chloride to the distilling flask. Add 
sufficient reagent water to ensure proper operation and extract for 
18 hours. Allow to cool, then detach the boiling flask and dry. 
Concentrate the extract as in Steps 2.5 through 3.2. 

5. Alumina Column Cleanup 

5.1 Add 3 g of Activity III neutral alumina to the 10-ml chromatographic 
column. Tap the column to settle the alumina. Do not pre-wet the 
alumina. 

5.2 Transfer the 1 ml of hexane/acetone extract from Step 3.2 to the top 
of the alumina using a disposable Pasteur pipet. Collect the eluate 
in a clean 10-ml concentrator tube. 

5.3 Add 1 ml of hexane to the original extract concentrator tube to rinse 
it. Transfer these rinsings to the alumina column. Elute the column 
with an additional 9 ml of hexane. Do not allow the column to go dry 
during the addition and elution of the sample. 

5.4 Concentrate the cleaned-up extract using the nitrogen blowdown 
technique as described ~n Step 3.0, adjusting the final volume to 
1 .0 ml with hexane. The pesticide/PCB fraction is ready for 
analysis. Store the extracts at 4°C (!2°C) in the dark in 
Teflon-sealed containers until analyses are performed. 

6. Optional Sulfur CleanuR 

6.1 Transfer the 1-ml extract from Step 5.4 to a 50-ml clear glass bottle 
or vial with a Teflon-lined screw cap. Rfnse the concentrator tube 
with 1 ml of hexane, adding the rinsings to the 50-ml bottle. 

6.2 Add 1 ml of TBA-sulfite reagent ·and 2 ml of 2-propanol, cap the 
bottle, and shake it for at least 1 minute. If the sample is 
colorless or if the initial color is unchanged, and if clear crystals 
(precipitated sodium sulfite) are observed, sufficient sodium sulfite 
is present. If the precipitated sodium sulfite disappears, add more 
crystalline sodium sulfite in approximately 100-mg portions until a 
solid residue remains after repeated shaki~g. 
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I 6.3 Add 5 ml of distilled water and shake the sample for at least 
1 minute. Allow the sample to stand 5 to 10 minutes. Transfer the 
hexane layer (top) to a concentrator ampule and go back to Step 5.4. 

I 7. Calibration 
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7.1 The gas chromatographi~ system must be calibrated using the external 
standard technique for all columns used for quantitation. 

7.2.1 Prepare calibration standards at a minimum of three 
concentration levels for each parameter of interest by adding 
volumes of one or more stock standards to a volumetric flask 
and diluting to volume with hexane. ·one of the external 
standards should be at a concentration near, but above, the MDL 
and the other concentrations found in real samples, or should 
define the working range of the detector. This should be done 
on each quantitation column and each instrument used for this 
analysis. 

7.2.2 Using injections of 2 to 5 pl of each calibration standard, 
tabulate peak height or area responses against the mass 
injected. The results can be used to prepare a calibration 
curve for each compound. 

8. GC-EC Primary Analysis (Quantitation may be performed on primary or 
confirmation analyses.) 

8.1 Adjust oven temperature and carrier gas flow rates so that the 
retention time for 4,4 1 -DOT is equal to or greater than 12 minutes. 

8.2 Table 3 provides examples of operating conditions for the gas 
chromatograph. Separation should be greater than or equal to 25% 
resolution between peaks. Percent resolution is calculated by 
dividing the height of the valley by the peak height of the smaller 
peak being resolved, multiplied by 100. This criterion must be 
considered when determining whether to quantitate on the primary 
analysis or the confirmation analysis. When this criterion can not 
be met,, quantitation is adversely affected because of the difficulty 
in determining where to establish the baseline. 
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8. 2.1 Inject 2 to 5 ~L of the sample or standard extract using the 
solvent-flush technique or auto sampler. Smaller (1.0 ~L) 
volumes can be injected only if automatic devices are 
employed. Record the volume injected and the total extract 
volume. 

8.2.2 Inject Individual Standard Mixes A and Band all multi-response 
pesticides/PCBs at the beginning of each 72-hour sequence. 
(See Paragraph 8.2.8.6). To establish the retention time 
window within each 72-hour sequence for the pesticide/PCB of 
interest, use the absolute retention time from the above 
chromatograms as the mid-point, and plus or minus three times 
the standard deviation as described earlier in Part 4 of the 
Quality Assurance Section. Individual Standard Mixes A and B 
are analyzed alternately and intermittently throughout the 
analysis. Any pesticide outside of its ~stablished retention 
time window requires immediate investigation and correction 
before continuing the analysis. 

8.2.3 Sample analysis of extracts can begin when linearity and 
degradation QA/QC requirements specified in the Quality 
Assurance Section are met. 

8.2.4 NOTE: The 10.0% RSD linearity criterion is ~ required on 
the column(s) being used for pesticide/PCB quantitation. If a 
column is used for surrogate quantitation only, the 10.0% RSO 
is required only for OBC. 

8.2.5 Analyze samples in groups of no more than five samples. After 
the analysis of the first group of up to five samples, analyze 
Evaluation Mix B. Analyze another group of up to five samples, 
followed by the analysis of Individual Mix A or B. Subsequent 
groups of up to five samples may be analyzed by repeating this 
sequence, alternately analyzing Evaluation Mix 8 and Individual 
Mix A orB between the groups as shown in Paragraph 8.2.8.6. 
The Pesticide/PCB analytical sequence must end with Individual 
Mix A and B regardless of the number of samples analyzed. 
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8.2.6 If a multiresponse pesticide/PCB is detected in either of the 
preceding groups of five samples, the appropriate 
multiresponse pesticide/PCB may be substituted for Individual 
Mix A or B. All standards listed in Paragraph 8.2.8.6 must be 
included for every sample set and must be analyzed within the 
same 72-hour period as those samples. If the samples are 
split between two or more instruments, the complete set of 
standards must be analyzed on each instrument with the same 
72-hour requirement. All standards must be analyzed before 
the samples to avoid the effects of poor chromatography caused 
by the unsuspected injection of a highly concentrated sample. 

8.2.7 Paragraphs 8.2.8.1 and 8.2.8.5 contain GC performance 
criteria. If it is determined during the course of a 72-hour 
sequence that one or more of the criteria have been violated, 
stop the run and take corrective action. After the corrective 
action has been taken, the 72-hour sequence may be restarted 
as follows: If a standard violated the criterion, restart the 
sequence with that standard, determine that the criteria have 
been met, and continue with sample analyses according to 
Paragraph 8.2.8.6. If a sample violated the criterion, 
restart the sequence with the standard that would have 
followed that gr~up of samples (thereby preserving the 
sequence of standards in Paragraph 8.2.8.6}, determine that 
the criteria have been met, and continue with sample analyses 
according to Paragraph 8.2.8.6. 

8.2.8 If it is determined after the completion of a 72-hour sequence 
that one or more of the criteria have been violated, proceed 
as follows: If a standard violated the criterion, all samples 
analyzed after that standard must be reanalyzed as part of a 
new 72-hour sequence. If a subsequent standard in the 
original sequence met all the criteria, then only those 
samples analyzed between the standard that did not meet the 
criterion and the standard that did meet the criterion must be 
reanalyzed as part of a new 72-hour sequence. If only samples 
violated the criteria,, then those samples must be reanalyzed 
as part of a new 72-hour sequence. 
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8.2.8.1. Differences in the calibration factors for each 
standard in Individual Standard Mixes A and B must 
not exceed 20.0% (15.0% for any standard compound 
used for quantitation) during the 72-hour primary 
analysis. Calculate the difference using the initial 
individual standard mix versus all subsequent 
individual standard mixes analyzed during the 72-hour 
sequence. 

8.2.8.2 The retention time shift of OBC in any standard or 
sample must be less than 2.0% difference for packed 
columns, less than 1.5% difference for wide-bore 
capillary columns (i.d. greater than 0.32 mm), and 
less than 0.3% difference for narrow-bore capillary 
columns (i.d. less than 0.32 mm). 

8.2.8.3 Samples must also be repeated if the degradation of 
DOT and/or endrin exceeds 20.0% respectively on the 
intermittent analysis of Evaluation Standard Mix B. 

8.2.8.4 All pesticide standards must fall within the 
established 72-hour retention time windows. 

8.2.8.5 Highly colored extracts may require a dilution. 
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8.2.8.6 The 72-hour sequence must be as follows. 

72-Hour Sequence for Pesticide/Pes Analysis: 

1. Evaluation Standard Mix A 
2. Evaluation Standard Mix B 
3. Evaluation Standard Mix C 
4. Individual Standard Mix A 
5. Individual Standard Mix B 
6. Toxaphene 
7. Technical Chlordane 
8. Aroclors 1016/1260 
9. Aroclor 1221 

10. Aroclor 1232 
11. Aroclor 1242 
12. Aroclor 1248 
13. Aroclor 1254 
14. Five samples 
15. Evaluation Standard Mix 8 
16. Five samples 
17. Indi_vidual Standard Mix A or 8 
18. Five samples 
19. Evaluation Standard Mix B 
20. Five samples 
21. Individual Standard Mix A or B (whichever not run 

in Step 16) 
22. Five samples 
23. Repeat the above sequence starting with Evaluation 

Standard Mix B ( St.ep 14 above) . 
24. Pesticide/PCB analysis sequence must end with 

Individual Standard Mix A and 8 regardless of 
number of samples analyzed. 

8.3 Evaluation of Chromatograms. 

8.3.1 Consider the sample as negative when its peaks, depending on 
the pesticide's response factor, result in concentrations less 
than the required quantitation level. The sample is complete 
at this point. Confirmation is not required. 

8.3.2 Tentative identification is made when the unknown's retention 
time matches the retention time of a corresponding standard 
that was chromatographed on the same instrument within a 
72-hour period. 
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8.3.3 Determine if any target pesticides/PCBs are present. Pattern 
recognition techniques, based on chromatograms of standards, 
are recommended for the identification of PCB compounds. 

8.3.3.1 If the response for any of these compounds is 100% or 
less of full scale, the extract is ready for 
confirmation and quantitation. 

8.3.3.2 If the response for any compound is greater than full 
scale, dilute the extract so that the peak will be 
between 50% and 100% full scale and reanalyze. Also 
use this dilution for confirmation and quantitation. 

8.3.3.3 For dilution greater than 10 fold. Also inject an 
aliquot of a dilution 10-fold more concentrated to 
determine if other compounds of interest are present 
at lower concentrations. 

8.3.3.4 Computer reproductions of chromatograms manipulated 
to ensure all peaks are on scale over a 100-fold 
range are an accepted substitute. However, this can 
be no greater than a 100-fold range. This is to 
prevent retention time shifts by column or detector 
overload. Linearity must be demonstrated over the 
100-fold range using higher concentrations of the 
evaluation mixture. 

8.3.4 Quantitation may be performed on the primary analysis, with 
the exception of toxaphene and possibly the DOT series. If 
DDT exceeds the 10.0% RSD linearity criterion, then 
quantitations for any DOE, ODD, and DOT in a sample must be on 
the confirmation analysis. Toxaphene must always be 
quantitated on the confirmation analysis. See Quality 
Assurance Section for special QC requirements for 
quantitations. 

8.3.5 If identification of compounds of interest are prevented -by 
the presence of interferences, further cleanup may be required. 

8.3.6 When selecting a GC column for confirmation and/or 
quantitation, be sure that none of the compounds to be 
confirmed/quantitated overlap, e.g., do not select the 3% OV-1 
column if ODE and dieldrin are to be confirmed and/or 
quantitated. 
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9. GC/EC Confirmation Analysis 

9.1 

9.2 

9.3 

9.4 

9.5 

Confirmation analysis confirms the presence of all compounds 
tentatively identified in the primary analysis. 

Therefore, the only standards that are required are the evaluation 
standard mixes (to check linearity and degradation criteria) and 
standards of all compounds to be confirmed. The linearity criterion 
on the confirmation column for pesticides is not required unless the 
column is used for quantitation. The 72-hour sequence in 
Paragraph 8.2.8.6 is therefore modified to fit each case. 
Quantitation may be performed on the confirmation analysis. If 
toxaphene or DDT is to be quantitated, additional linearity 
requirements are specified in Step 9.5.1. 

Table 3 provides examples of operating conditions for the gas 
chromatograph. Separation should be greater than or equal to 25% 
resoluton between peaks. Percent resolution is calculated by 
dividing the height of the valley by the peak height of the smaller 
peak being resolved, multiplied by 100. This criterion must be 
considered when determining whether to quantitate on the primary 
analysis or the confirmation analysis. When this criterion cannot be 
met, quantitation is adversely affected because of the difficulty in 
determining where to establish the baseline. 

For a fused silica capillary column confirmation, there must be 
greater than or equal to 25% resolution (valley) between the 
following pesticide pairs: 

o Beta-BHC and delta-BHC 
o Deildrin and 4,4'-DDT 
o 4,4'-0DD and endrin aldehyde 
o Endosulfan sulfate and 4,4'-0DT 

All QC requirements specified earlier in the Quality Assurance 
Section must be adhered to, i.e., the greater than or equal 
to 12-minute retention time for 4,4'-DOT, the criteria for 4,4'-DDT 
and endrin degradation, linearity, calibration factor for standards, 
and retention time shift for DBC. The retention time criterion for 
4,4'-DDT does not have to. be met if the confirmation column is OV-1. 

Inject 2 to 5 pl (1 to 2 pl for capillary columns) of the sample 
extract and standards using the solvent-flush technique or auto 
samples. 
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One-microliter volumes can be injected only if automatic devices are 
employed. Record the volume injected and the total extract volume. 
The detector attenuation must provide peak response equivalent to the 
primary analysis response for each compound to be confirmed. 

9.5.1 Begin the confirmation analysis GC sequence with the three 
concentration levels of Evaluation Standard Mixes A, B, and C. 
The exception to this occurs when toxaphene and/or the DOT 
series are to be confirmed and quantitated. There are four 
combinations of pesticides that could occur: therefore, the 
following sequences must be followed depending on the situation. 

9.5.1.1 Toxaphene only- Begin the sequence with Evaluation 
Mix B to check degradation, followed by three 
concentration levels of toxaphene. Check linearity 
by calculating %RSD. 

9.5.1.2 If less than or equal to 10.0% RSD, use the 
appropriate equation in Paragraph 8 for calculation. 
If greater than 10.0% RSD, plot a standard curve and· 
determ~ne the ng for each sample in that set from the 
curve. 

. 9.5.1 .3 DDT, ODE, DOD only- Begin the sequence with 
Evaluation Mix B. Then inject three concentration 
levels of a standard containing ODE, ODD, and DDT. 
Calculate linearity and follow the requirements 
specified in Paragraph 9.5.1.1 for each compound to 
be quantitated. 

9.5.1.4 DDT series and toxaphene -Begin the sequence with 
Evaluation Mix B. Then inject three concentration 
levels of toxaphene and another three levels of the 
DOT series. Calculate linearity and follow the 
requirements specified in Paragraph 9.5.1.1 for each 
compound to be quantitated. 
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9.5.1.5 Other pesticides/Peas plus DOT series and/or toxaphene - Begin the sequence with Evaluation Standard Mixes A, 8, and C. Calculate linearity on the four compounds in the Evaluation Standard mixes. If DOT and/or one or more of the other compounds are greater than 10.0% RSO and/or degradation exceeds the criterion, corrective maintenance should be performed before repeating the above chromatography evaluations. If only DOT exceeds the linearity criterion and one or more of the DDT series is to be quantitated, follow Paragraph 9.5.1.3 (do not repeat Evaluation Mix 8). 

9.5.1 .6 If none of the DOT series is to be quantitated and DDT exceeds the 10.0% RSO, simply record the %RSO on the proper form. Any time toxaphene is to be quantitated, follow Paragraph 9.5.1.1. 
9.5.2 After the linearity standards are injected, continue the confirmation analysis sequence by injecting standards for all compounds tentatively identified in the primary analysis, to establish the 72-~our retention time windows. Analyze all confirmation standards for a case at the beginning, at intervals specified in Step 9.5.3., and at the end. Any pesticide outside of its established retention time window requires immediate investigation and correction before continuing the analysis. The analyst must reanalyze all samples which follow the standard that exceeds the criterion. 
9.5.3 After injection of the appropriate standards as described in the proceeding paragraph, begin injection of samples. Analyze groups of five samples. Analyze Evaluation Mix 8 after the first group of five samples. After the second group of five samples, analyze a standard pertaining to the samples in the preceeding groups (i.e., standard mix containing those compounds requiring confirmation). Continue analyzing groups of five samples, alternately preceding samples between groups of five samples. 
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The alternating standard's calibration factors must be within 
15.0% of each other if quantitation is performed. Deviations 
larger than 15.0% require the analyst to repeat the analyses of 
samples which were analyzed after the standard that exceeds the 
criterion. The 15.0% criterion only pertains to compounds 
being quantitated. 

9.5.4 If more than one standard is required to confirm all compounds 
tentatively identified in the primary analysis, alternate the 
standards with Evaluation Standard Mix B. Samples must also be 
repeated if the degradation of either DDT and/or endrin exceeds 
20.0% on the intermittent Evaluation Standard Mix B. 

If the s~mples are split between two or more instruments, all 
standards and blanks pertaining to those samples must be 
analyzed on each instrument. 

9.5.5 Inject the method blank (extracted with each set of samples) on 
every GC and GC column on which the samples are analyzed. 

9.6 Evaluation of Chromatograms 

9.6.1 A compound tentatively identified in the primary analysis is 
confirmed in the retention time from the confirmation analysis 
falls within the retention time window of a corresponding 
standard that was chromatographed on the same instrument within 
a 72-hour period. 

9.6.2 Quantitation should be performed on the column (primary or 
confirmation) that provides the best separation from 
interfering peaks. Note: To determine that no pesticides/PCBs 
are present at or above the contract required quantitation 
limit is a form of quantitation. 

9.6.2.1 Quantitation of Chlordane. Because weathering and/or 
different formulations of chlordane usually modify 
the pattern exhibited by technical chlordane, this 
method is not appropriate for determining technical 
chlordane. Instead, standards for alpha chlordane 
and gamma chlordane are used for quantitation, and 
each isomer of chlordane is reported separately. 
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9.6.3 Computer reproduction of chromatograms that are attenuated to 
ensure that all peaks are on scale over a 100-fold range are 
acceptable. However, this can be no greater than a 100-fold 
range. This is to prevent retention time shifts by column or 
detector overload. Also, peak response must be greater than 
25% of full scale deflection to allow visual pattern 
recognition of multicomponent compounds, and individual 
compounds must be visible. 

9.6.4 If identification of compounds of interest are prevented by the 
presence of interf~rences, further cleanup is required. If 
sulfur is evident, go to Step 6 (Optional Sulfur Cleanup). 

9.6.5 If unknown interferences or poor chromatography are noted only 
in the sample chromatogram, it is recommended that gel 
permeation chromatography cleanup is applied. 

9.6.6 Calculate surrogate standard recovery on all samples, blanks, 
and spikes unless the surrogate was diluted out. Determine if 
recovery is within limits and report. 

-
9.6.7 If target pesticide/PCB compounds were identified in the 

unspiked sample from which the matrix spike and matrix spike 
duplicate were prepared, confirmation analysis is required for 
the matrix spike and matrix spike duplicate. If target 
pesticide/Pea compounds were not identified in the unspiked 
sample, confirmation of the matrix spike and matrix spike 
duplicate is not required. 

10. Calculations 

10.1 Calculate the concentration in the sample using the following 
equation for external standards. Response can be measured by the 
manual peak height technique or by automated peak height or peak area 
measurements from an integrator. 
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10.1.1 Water 

Concentration (pg/L) = ( Axl.l.ls.Ll.Y+l 
(As) (Vi ) ( V s) 

Where: 

Ax = 
As = 
Vt = 

Is = 
Vi = 
Vs = 

Response for the parameter to be measured 
Response for the external standard 
Volume of total extract (pl) (take into account 

any dilutions) 
Amount of standard injected in nanograms (ng) 
Volume of extract injected (pl) 
Volume of water extracted (mL) 

10.2 For multicomponent mixtures (chlordane, toxaph~ne, and PCB) match 
retention times of peaks in the standard with peaks in the sample. 
Quantitate every identifiable peak (greater than 50% of the total 
area must be used) unless interference with individual peaks persist 
after cleanup. Add peak height or peak area of each identified peak 
in the chromatogram. Calculate as total response in the sample 
versus total response in the standard. 

10.3 Calculation of surrogate and matrix spike recoveries. 

Percent recovery = Q[ x 100% 
Qa 

Where: 

Qd = Quantity determined by analysis 
Qa = Quantity added to sample 
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Table 1 · 

Method Detection Limits 

Compound 
Method 

Detection Limit (Hg/L) 

A 1 dri n 
alpha-BHC 
beta-BHC 
gamma-BCH (lindane) 
delta-BHC 
a 1 pha-ch 1 ordane 
ganvna-chlordane 
Technical chlordane 
4,4'-000 
4,4'-DOE 
4,4'-DOT 
Oi e 1 dri n 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endri n 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1 260 · 

* Detection limits estimated 

0.005 
0.002 
0.003 
0.005 
0.002 
0.003 
0.009 
0.05* 
0.005 
0.005 
0.010 
0.011 
0.004 
0.012 
0.006 
0.007 
0.012 
0.005 
0.006 
0.005 
0.060 
0.1 0* 
0.04 
0.05* 
0.05* 
0.05* 
0.05* 
0.05* 
0.03 
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Compound 

A 1 dri n 
alpha-BHC 
beta-BHC 
gamma-BCH (lindane) 
delta-BHC 
alpha-chlordane 
gamma-chlordane 
Technical chlordane 
4,4'-000 
4,4'-DDE 
4,4'-DDT 
Dieldrin 
Endosu lfan I 
Endosu lfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
PC8-1016 
PCB.:..1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

NO Not determined. 
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Table 2 

Precision and Accuracy Data 
Pesticide/PCB Screen 

Spike Level 
(ug/L) 

Average Recovery 

0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 

NO 
0.025 
0.025 
0.025 
0 ."U25 
0.0125 
0.025 
0.025 
0.025 
0.025 
0.025 
0. 0125 
0.0125 
0.125 

NO 
0.050 

NO 
NO 
NO 
NO 
NO 

0.050 

( ug/L) 

0.00858 
0.0105 
0.0102 
0.00955 
0.0106 
0. 0116 
0.0130 

0.0228 
0.0220 
0.0209 
0.0187 
0.0104 
0.0204 
0.0212 
0.0206 
0.0180 
0.0229 
0.00930 
0.0106 
0.118 

0.0675 

0.0626 

(%) 

69 
84 
82 
76 
85 
93 

104 

91 
88 
84 
75 
83 
81 
85 
82 
72 
92 
74 
85 
94 

135 

125 

Standard 
Deviation 

( u9/U 

0.00159 
0.000706 
0.000837 
0.00152 
0.000561 
0.000866 
0.00298 

0.00157 
. 0. 00168 
0.00350 
0.00809 
0.00129 
0.00382 
0.00181 
0.00245 
0.00370 
0.00143 
0. 00188 
0.00164 
0.0189 

0.0101 -

0.0229 
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Table 3.0 

Recommended GC Operating Conditions 

Column 1: COLUMN: 6ft x 4 mm i.d., 1.5% SP-2250/1.95% 
SP-2401 on 100/120 Suplecoport 

TEMP OF: INJ 200°C, COL 210°C, DET 300°C 
Ar/CH4: 95/5 FLOW RATE 60 mL/minute 
RECORDER: 1 mV full scale; 0.5 em/minute 

Column 2: COLUMN: 6ft x 4 mm i.d., 3% OV-1% 
on 80/100 GAS CHROM Q 

TEMP OF: INJ 200°C, COL 210°C, DET 300°C 
Ar/CH4: 95/5 FLOW RATE 60 mL/minute 

RECORDER: 1 ~V full scale; 15 in/hour 

Column 3: COLUMN: 30m x 0.53 ~ i.d., DB 608 FSOT Megabore 
TEMP OF: INJ 150°C, DET 300°C 

PROGRAM: INITIAL TEMP 150°C, Hold 0 minutes, 
RATE S°C/minute; FINAL TEMP 250°C, HOLD 16 minutes 

CARRIER GAS: Helium at 6 mL/minute 
MAKE-UP GAS: Nitrogen at 30 mL/minute 
RECORDER: lmV full scale; 10 mm/minute 

Column 4: COLUMN: 30m x 0.53 mm i.d., DB 5 Megabore 
TEMP OF: INJ 150°C, DET 300°C 

PROGRAM: INITIAL TEMP 150°C 
RATE S°C/minute; FINAL TEMP 250°C, HOLD 16 minutes 

CARRIER GAS: Helium at 6.5 mL/minute 
MAKE-UP GAS: Nitrogen at 30 mL/minute 
RECORDER: lmV full scale; 10 mm/minute 
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ASSAY TITLE: Low Level Semivolatile Analysis of Water Samples by 
Gas Chromatography/Mass Spectroscopy 

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc. 
Environmental Analysis 

SCOPE: 

This method covers the determination of the priority pollutant and Target 
Compound List (TCL) semivolatile organics in drinking water sources using gas 
chromatography/mass spectrometry (GCMS). The compounds determined by this 
method are reported with detection limits lower than those generated by the 
standard GCMS semivolatile screen. The standard list of compounds calibrated 
and analyzed for are presented in Table 10 as an attachment. 

PRINCIPLE: 

A 1-L sample is serially extracted with methylene chloride at a pH greater 
than 11 and again at a pH less than 2, using a separatory funnel or continuous 
extraction technique. The methylene chloride extracts are dried and 
concentrated separately and stored at 4°C until instrumental analysis. Just 
prior to analysis the two extracts (>pH 11 and <pH 2) are combined and 
reduced to a final volume of 0.5 mL. The extract is separated by gas 
chromatography and the analytes of interest are measured by a mass 
spectrometer detector in the electron impact mode. 

SENSITIVITY, PRECISION, ACCURACY: 

The method detection limits presented in Table 10 represent the sensitivities 
that can be achieved in ground water in the absence of interferences. 

Precision and accuracy for this method, as generated from an inhouse 
validation study, is presented in Table 10. 

REFERENCES: 

1. Environmental Protection Agency (EPA) Method 625 (Federal Register 49 
(209): 43385-43406, October 16, 1984). 

2. Environmental Protection Agency (EPA) Contract Laboratory Program, 
Statement of Work for "Organic Analysis Multi-Media Multi-Concentration", 
October 1986. Revisions: January 1987; February 1987; July 1987; 
August 1987. Exhibits: B, 0, E. 
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SAFETY PRECAUTIONS: 
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The toxicity or carcinogenicity of chemicals used in this method have not been 
precisely defined; each chemical should be treated as a potential health 
hazard and exposure to these chemicals should be minimized. Each analyst is 
responsible for maintaining awareness of OSHA regulations regarding safe 
handling of chemicals used in this method. Additional references to 
laboratory safety are available for the information of the analyst. 

The following parameters covered by this method have been tentatively 
classified as known or suspected, human or mammalian carcinogens: 
benzo(a)anthracene, benzidine, 3,3 1 -dichlorobenzidine, benzo(a)pyrene, 
dibenzo(a,h)anthracene, and N-nitrosodimethylamine. Primary standards of 
these toxic compounds should be prepared in a hood. A NIOSH/MESA approved 
toxic gas respirator should be worn when the analyst handles high 
concentrations of these toxic compounds. 

INTERFERENCES: 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware, that lead to discrete 
artifacts or ele~ated baselines in the total ion current profiles (TICPs). 
All of these materials must be routinely demonstrated to be free from 
interferences under the conditions of the analysis by running laboratory 
reagent blanks. Matrix interferences may be caused by contaminants that are 
coextracted from the sample. The extent of matrix interferences will vary 
considerably from source to source. 

QUALITY ASSURANCE: 

This section outlines the m1n1mum quality control (QC) operations necessary to 
satisfy the analytical requirements associated with the determination of 
semivolatile organic TCL compounds in water. The QC operations are as follows: 

1. Documentation of GC/MS mass calibration and abundance pattern 
2. Documentation of GC/MS response factor stability 
3. Internal standard response and retention time monitoring 
4. Method blank analysis 
5. Surrogate spike response monitoring 
6. Matrix spike and matrix spike duplicate analysis 

Tuning and GC/MS Mass Calibration 

1. It is necessary to establish that a given GC/MS meets the standard mass 
spectral abundance criteria before initiating any on-going data 
collection. This is accomplished through the analysis of Decafluoro
triphenylphosphine (DFTPP). 
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1.1 Decafluorotriphenylphosphine (DFTPP) 

1.1 .1 Each GC/MS system used for the analysis of semivolatile 
compounds must be hardware-tuned to meet the abundance 
criteria listed in Tabl~ 1 for a 50-ng injection of DFTPP. 
DFTPP may be analyzed separately or as part of the calibration 
standard. The criteria must be demonstrated daily or for each 
12-hour period, whichever is more frequent, before samples can 
be analyzed. DFTPP must be injected to meet this criterion. 

1.1 .2 Whenever corrective action is taken that may change or affect 
the tuning criteria for DFTPP (e.g., ion source cleaning or 
repair, etc.), the tune must be verified irrespective of the 
12-hour tuning requirements. 

Table 1. DFTPP Key Ions and Ion Abundance Criteria 

Mass Ion Abundance Criteria 

51 30.0 - 60.0% of mass 198 
68 Less than 2.0% of mass 69 
70 Less than 2.0% of mass 69 

127 40.0 - 60.0% of mass 198 
197 Less than 1.0% of mass 198 
198 Base peak, 100% relative abundance 
199 5.0 - 9.0% of mass 198 
275 10.0 - 30.0% of mass 198 
365 Greater than 1.00% of mass 198 
441 Present but less than mass 443 
442 Greater than 40.0% of mass 198 
443 17.0- 23.0% of mass 442 

Calibration of the GC/MS System 

2. Before the analysis of samples and required blanks, and after tuning 
criteria have been met, the GC/MS system must be initially calibrated at a 
minimum of three concentrations to determine the linearity of response 
utilizing TCL compound standards. Once the system has been calibrated, 
the calibration must be verified each 12-hour time period for each GC/MS 
system. 

2.1 Prepare calibration standards to yield the following specific 
concentrations. 

2.1 . 1 Semivolatile TCL Compounds 

Initial calibration of semivolatile TCL compounds is required 
at 20, 50, and 100 total nanograms. 
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2.2 Analyze each calibration standard and tabulate the area of the 
primary characteristic ion (Tables 2 and 3) against concentration for 
each compound including all required surrogate compounds. The 
relative retention times of each compound in each calibration run 
should agree within 0.06 relative retention time units. Late eluting 
compounds usually will have much better agreement. 

Using Table 4, calculate the RRF for each compound at each 
concentration level using Equation 1. 

Where: 

Ax 

A;s = 

C;s = 

ex = 

2.2.1 

~'L X C;s 
RRF = Equation 1 

Area of the characteristic ion for the compound to be 
measured. 

Area of the characteristic ion for the specific internal 
standards from Tables 2 or 3. 

Concentration of the internal standard (ng/~L). 

Concentration of the compound to be measured (ng/~L). 

Using the relative response factors (RRF) from the initial 
calibration, calculate the %RSD for compounds labeled as 
Calibration Check Compounds and shown in Table 4 using 
Equation 2. 

%RSD = so X 100 
X 

Where: 

RSD Relative Standard Deviation 

Equation 2 

SO = Standard Deviation of initial response factors (per 
compound) 

Where: SO = 
N 
~ ex; - x)2 
i = 1 N-1 

x = Mean of initial relative response factors (per compound) 
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The %RSD for each individual Calibration Check Compound (see 
Table 5) must be less than or equal to 30.0%. This criteria 
must be met for the initial calibration to be valid. 

2.3 A system performance check must be performed to ensure that minimum 
average RRF are met before the calibration curve is used. 

2.3.1 For semivolatiles, the System Performance Check Compounds 
(SPCCs) are: N-Nitroso-Di-n-Propylamine, Hexachlorocyclo
pentadiene, 2,4-Dinitrophenol, and 4-Nitrophenol. The 
minimum acceptable average RRF for these compounds is 0.050. 
SPCCs typically have very low RRFs (0.1 - 0.2) and tend to 
decrease in response as the chromatographic system begins to 
deteriorate or the standard material begins to deteriorate. 
These compounds are usually the first to show poor 
performance. Therefore, they must meet the minimum 
requirement when the system is calibrated. 

2.3.2 The initial calibration is valid only after both the %RSO for 
CCC compounds and the minimum RRF for SPCC have been met. 
Only after both these criteria are met can sample analysis 
begin. 
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Characteristic Ions for Semivolatile TCL Compounds 

Parameter Primary Ion Secondary Ion(s) 

Phenol 94 65, 66 
bis(-2-Chloroethyl)Ether 93 63. 95 
2-Chlorophenol 128 64. 130 
1,3-Dichlorobenzene 146 148. 113 
1,4-Dichlorobenzene 146 148. 113 
Benzyl alcohol 108 79. 77 
1,2-Dichlorobenzene 146 148' 11 3 
2-Methylphenol 108 107 
bis(-2-Chloroisopropyl)Ether 45 77. 79 
4-Methylpheno1 108 107 
N-Nitroso-di-propylamine 70 42, 101, 130 
Hexachloroethane 117 201 • 199 
Nitrobenzene 77 123,65 
Isophorone 82 95. 138 
2-Nitropheno 1 139 65. 109 
2,4-Dimethylphenol 107 121, 122 
Benzoic acid 122 105,77 
bis(-2-Chloroethoxy)Methane 93 95, 123 
2,4-Dichloropheno1 162 164. 98 
1 ,2,4-Trichlorobenzene 180 182, 145 
Naphthalene 128 129, 127 
4-Ch1oroaniline 127 129 
Hexachlorobutadiene 225 223, 227 
4-Chloro-3-Methylphenol 107 144, 142 
2-Methy1naphthalene 142 141 
Hexachlorocyclopentadiene 237 235, 272 
2,4,6-Trichlorophenol 196 198, 200 
2,4,5-Trich1orophenol 196 198, 200 
2-Ch1oronaphtha1ene 162 164. 127 
2-Nitroani 1 ine 65 92, 138 
Dimethyl phthalate 163 194, 164 
Acenaphthylene 152 151, 153 
3-Nitroaniline 138 108. 92 
Acenaphthene 153 1 52' 154 
2,4-Dinitrophenol 184 63. 154 
4-Nitrophenol 109 139. 65 
Dibenzofuran 168 139 
2,4-Dinitrotoluene 165 63, 182 
2,6-Dinitrotoluene 165 89, 121 
Diethylphthalate 149 177. 150 
4-Chlorophenyl-pheny1ether 204 206, 141 
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Characteristic Ions for Semivolatile TCL Compounds 

Parameter Primary Ion Secondary Ion(s) 

Fluorene 166 165, 167 
4-Nitroani 1 ine 138 92, 108 
4,6-Dinitro-2-Methylphenol 198 182, 77 
N-Nitrosodiphenylamine 169 168, 16 7 
4-Bromophenyl-phenylether 248 250, 141 
Hexachlorobenzene 284 142, 249 
Pentachlorophenol 266 264, 268 
Phenanthrene 178 179, 176 
Anthracene 178 179, 176 
Di-N-Butylphthalate 149 150, 104 
Fluoranthene 202 101 , 100 
Pyrene 202 101 , 100 
Butylbenzylphtha1ate 149 91, 206 
3,3 1 -Dich1orobenzidine 252 254, 126 
Benzo(a)Anthracene 228 229, 226 
bis(2-Ethy1hexy1)Phthalate 149 16 7, 279 
Chrysene 228 226, 229 
Di-N-Octyl phthalate 149 
Benzo(b)F1uoranthene 252 253, 125 
Benzo(k)F1uoranthene 252 253, 125 
Benzo(a)Pyrene 252 253, 125 
Indeno(l,2,3-cd)Pyrene 276 138, 227 
Dibenz(a, h)Anthracene 278 139, 279 
Benzo(g, h, i) Perylene 276 138, 277 
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Characteristic Ions for Surrogates and 
Internal Standards for Semivolatile Compounds 

Phenol-ds 
2-Fluorophenol 
2,4,6-Tribromophenol 
d-5 Nitrobenzene 
2-Fluorobiphenyl 
Terphenyl 

1 ,4-Dichlorobenzene-d4 
Naphthalene-de 
Acenaphthene-d1o 
Phenanthrene-d1o 
Chrysene-d1o 
Perylene-d12 

Primary Ion 

Surrogates 

99 
112 
330 

82 
172 
244 

Internal Standards 

152 
136 
164 
188 
240 
264 

Secondary Ion(s) 

42. 71 
64 

332, 141 
128. 54 

171 
122, 212 

115 
68 

162, 160 
94, 80 

120. 236 
260, 265 
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Table 4 

Semivolatile Internal Standards with Corresponding TCL Analytes Assigned for Quantitation 

l ,4-Di ch l orobenzene-d 

Phenol 
bis(2-chloroethyl) 

ether 
2 -C~ l oropheno l 
1 ,3-Dich1orobenzene 
1 ,4-Di ch1 orobenzene 
Benzyl a1conol 
1 ,2-0i chl orobenzene 
2-Methy1 pheno 1 
bis(2-Ch1oroiso-

propyl )ether 
4-Methyl pheno 1 
N-nitroso-Oi-n

propylamine 
Hexachloroethane 
2-Fluorophenol 

(surr) 
Phenol-d6 (surr) 

Naphthalene-d 

Nitrobenzene 
Isophorone 
2-Ni tropheno 1 
2,4-Dimethyl-

pheno1 
Benzoic acid 
bis(2-Chloro

ethoxy )metnane 
2,4-0ichloro

pnenol 
1 ,2,4-Trichloro-

benzene 
Naphthalene 
4-Chloroaniline 
Hexachloro-

butadiene 
4-Chloro-3-

methyl phenol 
2-l~ethyl naphth

alene 
Nitrobenzene-ds 

(surr) 

Acenaphthene-d 

Hexachlorocyclo
pentadiene 

2,4,6-Trichloro
pnenol 

2,4,5-Trichloro-
phenol 

2-Chloronaphthalene 
2-Nitroaniline 
Dimethyl phthalate 
Acenaphthylene 
3-Nitroanil ine 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethyl phthalate 
4-Ch1orophenyl-

phenyl ether 
Fluorene 
4-Nitroaniline 
2-F1uorobiphenyl 

(surr) 
2,4,6-Tribromo 

phenol 

Phenanthrene-d 

4,6-Dinitro-2-
methyl phenol 

N-nitrosodi
phenylamine 

1 ,2-Diphenylhy
drazine 

4-Bromophenyl 
phenyl ether 

Hexachloro
benzene 

Pentachl oro-
phenol 

Phenanthrene 
Anthracene 
Oi -n-butyl 

phthalate 
Fluoranthene 

Chrysene-d 

Pyrene 
Butyl benzyl 

phthalate 
3,3 1 0ichloro

benzidine 
Benzo(a)-

an til racene 
bi s ( 2-ethyl
hexyl )phthalate 
Chrysene 
Terphenyl-d14 

( surr) 

Perylene-d 

Di-n-octyl 
phthalate 

Benzo(b)fluor
anthene 

Benzo(k )fluor
anthene 

Benz a (a ) pyren e 
Indeno(1 ,2,3-c 

pyrene 
Oi benz (a , h ) 

anthracene 
Benzo ( g ,h, i ) 
perylene 
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A calibration standard(s) containing all semivolatile TCL compounds, 
including all required surrogates, must be analyzed each 12 hours 
during analysis. Compare the RRF data from the standards each 
12 hours with the average RRF from the initial calibration for a 
specific instrument. A system performance check must be made each 
12 hours. If the SPCC criteria are met, a comparison of relative 
response factors is made for all compounds. This is the same check 
that is applied during the initial calibration. If the minimum RRFs 
are not met, the system must be evaluated and corrective action must 
be taken before sample analysis begins. 

2.4.1 Some possible problems are standard mixture degradation, 
injection port inlet contamination, contamination at the from 
end of the analytical column, and active sites in the column 
or chromatography system. This check must be met before 
analysis begins. The minimum RRF for semivolatile SPCC is 
0.050. 

2.4.2 Calibration Check Compounds (CCC) 

After the system performance check is met, CCCs listed in 
Table 5 are used to check the validity of the initial 
calibration. Calculate the percent difference using 
Equation 2.3. 

% Difference = 

Where: 

RRFI _ RRFc 

RRFI 
Equation 3 

RRFI =Average response factor from initial calibration 

RRFc Response factor from current verification check 
standard. 

2.4.2.1 If the percent difference for any compound is greater 
than 20%, the laboratory should consider this a 
warning limit. If the percent difference for each 
CCC is less than or equal to 30%, the initial 
calibration is assumed to be valid. If the criteria 
are not met (>30% difference), for any one 
calibration check compound, corrective action MUST be 
taken. 

----------------- --------------
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Table 5 Calibration Check Compounds 

Base/Neutral Fraction 

Acenaphthene 
1,4-Dichlorobenzene 
Hexachlorobutadiene 
N-Nitroso-di-n-phenylamine 
Di-n-octylphthalate 
Fluoranthene 
Benzo(a)pyrene 

Acid Fraction 

4-Chloro-3-Methylphenol 
2,4-Dichlorophenol 
2-Nitrophenol 
Phenol 
Pentachlorophenol 
2,4,6-Trichlorophenol 

Continuing calibration: 20 ng except for the following: 
Benzoic acid, 2,4-Dinitrophenol, 2,4,5-trichlorophenol, all three 
nitroaniline isomers, 4-Nitrophenol, 4,6-Dinitro-2-methylphenol, 
and pentachlorophenol which are to be injected at 50 ng. 

2.5 Documentation 

Calculate and report the RRF and percent difference (%D) for all 
compounds. Ensure that the minimum RRF for semivolatile SPCCs is 
0.050. The %D for each CCC compound must be less than or equal to 
30.0%. 

3. Internal Standard Evaluation 

Internal standard responses and retention times in all samples must be 
evaluated during or immediately after data acquisition. If the retention 
time for any internal standard changes by more than 30 seconds from the 
latest daily (12 hour) calibration standard, the chromatographic system 
must be inspected for malfunctions, and corrections made as required. The 
EICP of the internal standards must be monitored and evaluated for each 
sample, blank, matrix spike, and matrix spike duplicate. If the EICP area 
for any internal standard changes by more than a factor of two (-50% to 
+100%), the mass spectrometric system must be inspected for malfunction 
and corrections made as appropriate. When corrections are made, 
re-analysis of samples analyzed while the system was malfunctioning is 
necessary. 

Method Blank Analysis 

4. A method blank is a volume of deionized, distilled laboratory water, 
carried through the entire analytical scheme (extraction, concentration, 
and analysis). The method blank volume must be approximately equal to the 
sample volumes or sample weights being processed. 

4.1 A method blank is performed with every 20 samples processed and/or 
whenever samples are extracted, whichever is most frequent. 
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5. Surrogate standard determinations are performed on all samples and 
blanks. All samples and blanks are fortified with surrogate spiking 
compounds before purging or extraction in order to monitor preparat1on and 
analysis of samples. 

5.1 Each sample, matrix spike, matrix spike duplicate, and blank are 
spiked with surrogate compounds before extraction. The surrogate 
spiking compounds shown in Table 6 are used to fortify each sample, 
matrix spike, matrix spike duplicate, and blank with the proper 
concentrations. Performance based criteria are generated from 
laboratory results. Therefore, deviations from the spiking protocol 
will not be permitted. 

Table 6 Surrogate Spiking Compounds 

Compounds Amount in Sample 
Fraction Water (ug) 

Nitrobenzene-d5 
2-Fluorobiphenyl 
p-Terpheny1-dl4 
Phenol-d 5 
2-Fluorophenol 
2,4,6-Tribromophenol 

BNA 
BNA 
BNA 
BNA 
BNA 
BNA 

25 
25 
25 
50 
50 
50 

5.2 Surrogate spike recovery must be evaluated by determining whether the 
concentration (measured as percent recovery) falls inside the 
recovery limits listed in Table 7. 

Table 7 Required Surrogate Spike Recovery Limits 

Fraction Surrogate Compound Water 

BNA Nitrobenzene-d5 35-114 
BNA 2-Fluorobiphenyl 43-116 
BNA p-Terphenyl-d14 33-141 
BNA Phenol-d 5 10-94 
BNA 2-Fluorophenol 21-100 
BNA 2,4,6-Tribromophenol 10-123 
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5.3 The analyst must take the actions listed below if either of the 
following conditions exists: 

0 

0 

Recovery of any one surrogate compound in either base neutral or 
acid fraction is below 10%. 

Recoveries of two surrogate compounds in either base neutral or 
acid fractions are outside surrogate spike recovery limits. 

5.3.1 The analyst shall document (in this instance, document 
means to write down and discuss the problem and 
corrective action taken in the Case Narrative) deviations 
outside of acceptable quality control limits and take the 
following actions: 

5.3.1.1 Check calculations to ensure that there are no 
errors; check internal standard and surrogate 
spiking solutions for degradation, 
contamination, etc., also check instrument 
performance. 

5.3.1.2 If the steps in 5.3.1 .1 fail to reveal a 
problem, then reanalyze the extract. If 
reanalysis of the extract solves the problem, 
then the problem was within the analyst•s 
control. Therefore, Qn}y submit data from the 
analysis with surrogate spike recoveries within 
the control windows. This shall be considered 
the initial analysis and shall be reported as 
such on all data deliverables. 

5.3.1.3 If the steps in 5.3.1.2 fail to solve the 
problem, then reextract and reanalyze the 
sample. If the reextraction and reanalysis 
solves the problem, then the problem was in the 
analyst•s control. Therefore, Qnly submit data 
from the extraction and analysis with surrogate 
spike recoveries within the control windows. 
This shall be considered the initial analysis 
and shall be reported as such on all data 
deliverables. 

5.3.1.4 If the reextraction and reanalysis of the sample 
does not solve the problem, i.e., surrogate 
recoveries are outside the control windows for 
both analyses, then submit the surrogate spike 
recovery data and the sample data from both 
analyses. Distinguish between the initial 
analysis and the reanalysis on all data 
deliverables. 
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5.4 Documentation 

The laboratory shall report surrogate recovery data for the following: 

o Method blank analysis 
o Sample analysis · 
o Matrix spike/matrix spike duplicate analysis 
o All sample reanalyses that substantiate a matrix effect 

Matrix Spike/Matrix Spike Duplicate Analysis (MS/MSD) 

6.1 

6.2 

MS/MSD Frequency of Analysis 

A matrix spike and matrix spike duplicate must be performed for each 
group of samples of a similar matrix, once: 

o Each case of field samples received, OR 
o Each 20 field samples in a case, OR 

whichever is most frequent. 

Use the compounds listed in Table 8 to prepare matrix spiking 
solutions. Optional dilution steps must be accounted for when 
calculating percent recovery of the matrix spike and matrix spike 
duplicate samples. 

Table 8 Matrix Spiking Solutions 

Spike Spike 
Base/Neutrals Amount Acids Amount 

(p (pg) 

1 ,2,4-Trichlorobenzene 25 Pentachlorophenol 50 
Acenaphthene 25 Phenol 50 
2,4-Dinitrotoluene 25 2-Chlorophenol 50 
Pyrene 25 4-Chloro-3-Methyl- 50 
1,4-Dichlorobenzene phenol 

25 4-Nitrophenol 50 

6.2.1 Samples requ1r1ng optional dilutions and chosen as the matrix 
spike/matrix spike duplicate samples, must be analyzed at the 
same dilution as the original unspiked sample. 
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6.3 Individual component recoveries of the matrix spike are calculated 
using Equation 4 

6.4 

Matrix Spike Percent Recovery 

Where: 

SSR Spike sample results. 
SR Sample result. 

= SSR - SR x 100 
SA 

SA Spike added from spiking mix. 

Relative Percent Difference (RPD) 

Equation 4 

The analyst is required to calculate the relative percent difference 
between the matrix spike and matrix spike duplicate. The relative 
percent differences (RPD) for each component are calculated using 
Equation 5. 

RPD = x 100 

Where: 

RPD Relative percent difference 
D1 = First sample value 
D2 = Second sample value (duplicate) 

Equation 5 

6.5 The matrix spike (MS) results (concentrations) for nonspiked 
semivolatile TCL compounds shall be reported and the matrix spike 
percent recoveries shall be summarized (Table 9). 

Fraction 

BN 
BN 
BN 
BN 
BN 
BN 
Acid 
Acid 
Acid 
Acid 
Acid 

Table 9 Matrix Spike Recovery Limits 

Matrix Spike Compound 

1,2,4-Trichlorobenzene 
Acenaphthene 
2,4-Dinitrotoluene 
Pyrene 
N-Nitroso-Di-n-Propylamine 
1,4-Dichlorobenzene 
Pentachlorophenol 
Phenol 
2-Chlorophenol 
4-Chloro-3-Methylphenol 
4-Nitrophenol 

Water 

39-98 
46-118 
24-96 
26-127 
41-116 
36-97 
9-103 
12-89 
27-123 
23-97 
10-80 
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o Drying column - 19 mm ID chromatographic column with coarse frit. 
(Substitution of a small pad of Pyrex glass wool for the frit will prevent 
cross contamination of sample extracts.) 

o Concentrator tube - Kuderna-Danish, 10 ml, graduated (Kontes K-570050-1025 
or equivalent). Calibration must be checked at the volumes employed in 
the test. Ground glass stopper is used to prevent evaporation of extracts. 

o Evaporative flask - Kuderna-Danish, 500 ml (Kontes K-570001 0500 or 
equivalent). Attach to concentrator tube with springs. 

o Snyder column - Kuderna-Danish, three-ball macro (Kontes K503000 0121 or 
equivalent). 

o Snyder column - Kuderna-Danish, two-ball micro (Kontes K569001 0219 or 
equivalent). 

o Vials -amber glass, 2 ml capacity with Teflon-lined screw-cap. 

o Continuous liquid-liquid extractors - equipped with Teflon or glass 
connecting joints and stopcocks requiring no lubrication (Hershberg-Wolf 
Extractor-Ace Glass Company, Vineland, NJ, P/N 6841-10 or equivalent). 

o Silicon carbide boiling chips -approximately 10/40 mesh. Heat to 400°C 
for 30 minutes or Soxhlet extract with methylene chloride. 

o Water bath - heated, with concentric ring cover, capable of temperature 
control (±2°C). The bath should be used in a hood. 

o 3.4 Balance- analytical, capable of accurately weighing ±0.0001 g. 

o 3.5 Nitrogen evaporation device equipped with a water bath that can be 
maintained at 35-40°C. The N-Evap by Organomation Associates, Inc., 
South Berlin, Maryland (or equivalent) is suitable. 

o Gas chromatograph/mass spectrometer system. 

o Gas chromatograph - an analytical system complete with a temperature 
programmable gas chromatograph suitable for splitless injection and all 
required accessories including syringes, analytical columns, and gases. 

o Column - 30 m x 0.25 mm ID (or 0.32 mm) bonded-phase silicone coated fused 
silica capillary column (J&W Scientific DB-5 or equivalent). A film 
thickness of 1 .0 micron is recommended because of its larger capacity. A 
film thickness of 0.25 micron may be used. 
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o Mass spectrometer - capable of scanning from 35 to 500 amu every 1 second 
or less, utilizing 70 volts (nominal) electron energy in the electron 
impact ionization mode and producing a mass spectrum which meets all 
required criteria when 50 ng of decafluorotriphenylphosphine (DFTPP) is 
injected through the GC inlet. 

o NOTE: DFTPP criteria must be met before any sample extracts are 
analyzed. Any samples analyzed when DFTPP criteria have not been met will 
require reanalysis. 

o Data system - a computer system must be interfaced to the mass 
spectrometer that allows the continuous acquisition and storage on machine 
readable media of all mass spectra obtained throughout the duration of the 
chromatographic program. The computer must have software that allows 
searching any GC/MS data file for ions of a specific mass and plotting 
such ion abundances versus time or scan number. This type of plot is 
defined as an Extracted Ion Current Profile (EICP). Software must also be 
available that allows integrating the abundance in any EICP between 
specified time or scan number limits. 

REAGENTS: 

o Reagent water - reagent water is defined as a water in which an 
interferent is not observed at or above the method detection limit of each 
parameter of interest. 

o Sodium hydroxide solution (lON) - dissolve 40 g NaOH in reagent water and 
dilute to 100 ml. 

o Sodium thiosulfate - (ACS) granular. 

o Sulfuric acid solution (1+1) -slowly add 50 ml of H2S04 (sp gr.l .84) 
to 50 ml of reagent water. 

o Acetone, methanol, methylene chloride- pesticide quality or equivalent. 

o Sodium sulfate - (ACS) powdered, anhydrous. Purify by heating at 400°C 
for four hours in a shallow tray, cool in a desiccator, and store in a 
glass bottle. Baker anhydrous powder, Catalog No. 73898 or equivalent. 

o Surrogate standard spiking solution. 

o Surrogate standards are added to all samples and calibration solutions; 
the compounds specified for this purpose are phenol-d 6, 
2,4,6-tribromophenol, 2-fluorophenol, nitrobenzene-d5, terphenyl-d14 , 
and 2-fluorobiphenyl. 
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o Prepare a surrogate standard spiking solution that contains the 
base/neutral compounds at a concentration of 100 ~g/ml, and the acid 
compounds at 200 ~g/ml. Store the spiking solutions at 4°C (±2°C) in 
Teflon-sealed containers. The solutions should be checked frequently for 
stability. These solutions must be replaced after twelve months, or 
sooner if comparison with quality control check samples indicates a 
problem. 

o BNA Matrix standard spiking solution. The matrix spike solution consists 
of: 

0 

0 

0 

Base/Neutrals 

1,2,4-trichlorobenzene 
acenaphthene 
2,4-dinitrotoluene 
pyrene 
N-nitroso-di-n-propylamine 
1,4-dichlorobenzene 

pentachlorophenol 
phenol 
2-chlorophenol 
4-chloro-3-methylphenol 
4-nitrophenol 

Prepare a spiking solution that contains each of the base/neutral 
compounds above at 100 ~g/1.0 ml in methanol and the acid compounds at 
200~g/l .0 ml in methanol. 

Internal standards- 1,4-dichlorobenzene-d4, naphthalene-de. 
acenaphthene-dlO• phenanthrene-dlO• chrysene-dl2• perylene-dl2· 
An internal standard solution can be prepared by dissolving 200 mg of each 
compound in 50 ml of methylene chloride. It may be necessary to use 5 -
10% benzene or toluene in this solution and a few minutes of ultrasonic 
mixing in order to dissolve all the constituents. The resulting solution 
will contain each standard a concentration of 4,000 ng/~L. A 10-~L 
portion of this solution should be added to each 1 ml of sample extract 
(5 ~1 to 0.5 ml). This will give a concentration of 40 ng/~L of each 
constituent. 

Prepare calibration standards at three concentration levels. Each 
calibration standard should contain each compound of interest and each 
surrogate standard. 

NOTE: Great care must be taken to maintain the integrity of all standard 
solutions. Store all standard solutions at -10° to -20°C in 
screw-cap amber bottles with Teflon-liners. Fresh standards 
should be prepared every 12 months at a m1n1mum. The continuing 
calibration standard should be prepared weekly and stored at 4°C 
(+2°C). 
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1.1 .1 The samples must be protected from light and refrigerated at 
4°C (±2°C) from the time of receipt until extraction and 
analysis. 

1.2 Holding Times 

2.1 The extraction of water samples shall be completed within 5 days of 
sample receipt or within 7 days of sample collection. 

2. Sample Extraction - Separatory Funnel 

2.1 Samples are extracted using separatory funnel techniques~ The 
separatory funnel extraction scheme described below assumes a sample 
volume of 1-l. 

2.2 Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and 
place it into a 2-L separatory funnel. Add 250 pl of surrogate 
standard spiking solution into the separatory funnel and mix well. 
Add 250 ~1 of BNA matrix spiking solution to each of two 1-L 
portions from the sample selected for spiking. Check the pH of the 
sample with wide range pH paper and adjust to pH> 11 with lON sodium 
hydroxide. 

2.3 Add 60 mL of methylene chloride to the separatory funnel and extract 
the sample by shaking the funnel for 2 minutes, with periodic venting 
to release excess pressure. Allow the organic layer to separate from 
the water phase for a minimum of 10 minutes. If the emulsion 
interface between layers is more than one-third the volume of the 
solvent layer, the analyst must employ mechanical techniques to 
complete the phase separation. The optimum technique depends upon 
the sample, and may include: stirring, filtration of the emulsion 
through glass wool centrifugation, or other physical methods. 
Collect the methylene chloride extract in a 250-mL Erlenmeyer flask. 

2.4 Add a second 60-mL volume of methylene chloride to the sample bottle 
and repeat the extraction procedure a second time, combining the 
extracts in the Erlenmeyer flask. Perform a third extraction in the 
same manner. Label the combined extract as the base/neutral fraction. 

2.5 Adjust the pH of the aqueous phase to less than 2 using sulfuric acid 
(1 r 1). Serially extract three times with 60-mL aliquots of 
methylene chloride, as per Paragraph 5.3. Collect and combine the 
extracts in a 250 mL Erlenmeyer flask and label the combined extract 
as the acid fraction. 
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2.6 Assemble a Kuderna-Oanish (K-0) concentrator by attaching a 10-ml 
concentrator tube to a 500-mL evaporative flask. 

2.7 Transfer the individual base/neutral and acid fractions by pouring 
extracts through separate drying columns containing about 10 em of 
anhydrous granular sodium sulfate, and collect the extracts in the 
separate K-0 concentrators. Rinse the Erlenmeyer flasks and columns 
with 20 to 30 mL of methylene chloride to complete the quantitative 
transfer. 

2.8 Add one or two clean boiling chips and attach a three-ball Snyder 
column to the evaporative flask. Pre-wet the Snyder column by adding 
about 1 mL methylene chloride to the top of the column. Place the 
K-0 apparatus on a hot water bath (80° to 90°C) so that the 
concentrator tube is partially immersed in the hot water, and the 
entire lower rounded surface of the flask is bathed with hot vapor. 
Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 10 to 
15 minutes. At the proper rate of distillation, the balls of the 
column will actively chatter but the chambers will not flood with 
condensed solvent. When the apparent volume of liquid reaches 1 ml, 
remove the K-0 apparatus from the water bath and allow it to drain 
and cool for at least 10 minutes. Remove the Snyder column and rinse 
the flask and its lower joint into the concentrator tube with 1-2 ml 
of methylene chloride. A 5-ml syringe is recommended for this 
operation. 

2.9 Micro Snyder column technique -add another one or two clean boiling 
chips to the concentrator tube and attach a two-ball micro Snyder 
column. Pre-wet the Snyder column by adding about 0.5 ml of 
methylene chloride to the top of the column. Place the K-0 apparatus 
on a hot water bath (80° to 90°C) so that the concentrator tube is 
partially immersed in the hot water. Adjust the vertical position of 
the apparatus and the water temperature as required to complete the 
concentration in 5 to 10 minutes. At the proper rate of distillation 
the balls of the column will actively chatter but the chambers will 
not flood with condensed solvent. When the apparent volume of liquid 
reaches about 0.5 mL, remove the K-0 apparatus from the water bath 
and allow it to drain for at least 10 minutes while cooling. Remove 
the Snyder column and rinse its flask and its lower joint into the 
concentrator tube with 0.2 ml of methylene chloride. Adjust the 
final volume to 1.0 ml with methylene chloride. If GC/MS analysis 
will not be performed immediately, stopper the concentrator tube and 
store refrigerated. If the extracts will be stored longer than 
2 days, they should be transferred to individual Teflon-sealed 
screw-cap bottles and labeled base/neutral or acid fraction, 
appropriate. 
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3.1 Each GC/MS system must have the hardware tuned to meet the criteria 
listed in Table 1 for a 50-ng injection of decafluorotriphenyl 
phosphine (DFTPP). No sample analyses can begin until all these 
criteria are met. This criteria must be demonstrated each 12-hour 
shift. DFTPP has to be injected to meet this criterion. 
Post-acquisition manipulation of abundances is not acceptable. 

3.2 The internal standards should permit most components of interest in a 
chromatogram to have retention times of 0.80 to 1.20 relative to the 
internal standards. Use the base peak ion from the specific internal 
standard as the primary ion for quantification (Table 2.2). If 
interferences are noted, use the next most intense ion as the 
secondary ion, i.e., for 1,4-dichlorobenzene-d4 use m/z 152 for 
quantification. 

3.2.1 The internal standards are added to all calibration standards 
and all sample extracts just prior to analysis by GC/MS. A 
10-~L aliquot of the internal standard solution should be 
added to a 1-ml aliquot of calibration standards. 

3.3 Analyze 1 ~L of each calibration standard and tabulate the area of 
the primary characteristic ion against concentration for each 
compound including the surrogate compounds. Calculate relative 
response factors (RRF) for each compound using Equation 1. 

Ax x eli 
RRF = Equation 1 

Where: 

Ax = Area of the characteristic ion for the compound to be 
measured. 

A;s Area of the characteristic ion for the specific 
internal standard from Table 3. 

Cis = Concentration of the internal standard (ng/~L). 

ex = Concentration of the compound to be measured 
(ng/lll). 
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3.3.1 The average relative response factor (RRF) should be 
calculated for all compounds. A system performance check must 
be made before this calibration curve is used. Four compounds 
(the system performance check compounds) are checked for a 
minimum average relative response factor. These compounds 
(the SPCC) are N-nitroso-di-n-propylamine, hexachlorocyclo
pentadiene, 2,4-dinitrophenol, 4-nitrophenol. 

3.3.2 A % relative standard deviation (%RSD) is calculated for 
11 compounds labeled the calibration check compounds (CCC) on 
Form VI SV and in Table 2.3. a maximum %RSD is also specified 
for these compounds. These criteria must be met for the 
calibration curve to be valid. 

3.4 A check of the calibration curve must be performed once every 
12 hours during analysis. These criteria are described in detail 
under the Quaity Assurance section of this method. The minimum RRF 
for the system performance check compounds must be checked. If this 
criteria is met, the RRFs of all compounds are calculated. A percent 
difference of the daily (12 hour) RRF compared to the average RRF 
from the initial curve is ~alculated.· A maximum percent difference 
of 30% is allowed for each compound flagged as 'CCC'. Only after 
both these criteria are met can sample analysis begin. 

3.5 Internal standard responses and retention times in all standards must 
be evaluated during or immediately after data acquisition. If the 
retention time for any internal standard changes by more than 
30 seconds from the latest daily (12 hour) calibration standard, the 
chromatographic system must be inspected for malfunctions, and 
corrections made as required. The EICP of the internal standards 
must be monitored and evaluated for each standard. If the EICP area 
for any internal standard changes by more than a factor of two 
(-50% to +100%), the mass spectrometric system must be inspected for 
malfunction and corrections made as appropriate. When corrections 
are made, reanalysis of samples analyzed while the system was 
malfunctioning is necessary. 

4. GCMS Analysis 

4.1 The following instrumental parameters are required for all 
performance tests and for all sample analyses: 

Electron energy - 70 volts (nominal) 
Mass range - 35 to 500 amu 
Scan time - not to exceed l second/scan 

4.2 Combine the base/neutral extract and the acid extract and concentrate 
or adjust for a final volume of 0.5 mL. 
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4.3 Internal standard solution (5 ~L) is added to each sample extract. 
Analyze the extract by GC/MS using a bonded-phase silicone-coated 
fused silica capillary column. The recommended GC operating 
conditions to be used are as follows: 

Initial column temperature hold - 40°C for 4 minutes 
Column temperature program - 40-270°C at 10°/minute 
Final column temperature hold - 270°C for 10 minutes 
Injector temperature - 250-300°C 
Transfer line temperature - 250-300°C 
Source temperature - according to manufacturer 1 s 

Injector-Grob-type, splitless 
Sample volume 
Carrier gas 

Qualitative Analysis 

specifications 

- 1 - 2 ~L 
- Helium at 30 cm3/second 

5.1 The compounds listed in the Target Compound List (TCL), shall be 
identified by an analyst competent in the interpretation of mass 
spectra by comparison of the sample mass spectrum to the mass 
spectrum of a standard of the suspected compound. Two criteria must 
be satisfied to verify the identifications: (1) elution of the 
sample component at the GC relative retention time as the standard 
component, and (2) correspondence of the sample component and 
standard component mass spectra. 

5.1.1 For establishing correspondence of the GC relative retention 
time (RRT), the sample component RRT must compare within 
±0.06 RRT units of the RRT of the standard component. For 
reference, the standard must be run on the same shift as the 
sample. If coelution of interfering components prohibits 
accurate assignment of the sample component RRT from the 
total ion chromatogram, the RRT should be assigned by using 
extracted ion current profiles for ions unique to the 
component of interest. 

5.1 .2 For comparison of standard and sample component mass spectra, 
mass spectra obtained on the analyst•s GC/MS are required. 
Once obtained, these standard spectra may be used for 
identification purposes, Qnly if the GC/MS meets the DFTPP 
daily tuning requirements. These standard spectra may be 
obtained from the run used to obtain reference RRTs. 

5.1 .3 The requirements for qualitative verification by comparison 
of mass spectra are as follows: 

5.1.3.1 All ions present in the standard mass spectra at a 
relative intensity greater than 10% (most abundant 
ion in the spectrum equals 100%) must be present in 
the sample spectrum. 
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5.1 .3.2 The relative intensities of ions specified in 
5.1 .3.1 must agree within plus or minus 20% between 
the standard and sample spectra. (Example: for an 
ion with an abundance of 50% in the standard 
spectra, the corresponding sample ion abundance must 
be between 30 and 70%.) 

. 
5.1 .3.3 Ions greater than 10% in the sample spectrum but not 

present in the standard spectrum must be considered 
and accounted for by the analyst making the 
comparison. The verification process should favor 
false positives.· All compounds meeting the 
identification criteria must be reported with their 
spectra. For all compounds below the MDL report the 
actual value followed by "J", e.g., "3J". 

5.1 .4 If a compound cannot be verified by all of the criteria in 
5.1 .3, but in the technical judgement of the mass spectral 
interpretation specialist the identification is correct, then 
the Contractor shall report that identifications and proceed 
with quantification. 

5.2 A library search shall be executed for non-TCL sample components for 
the purpose of tentative identification. For this purpose, the 
1985 release of the National Bureau of Standards Mass Spectral 
Library (or a more recent release), containing 42,261 spectra, shall 
be used. 

5.2.1 Up to 20 nonsurrogate organic compounds of greatest apparent 
concentration not listed for the combined base/neutral/acid 
fraction shall be tentatively identified via a forward search 
of the NBS mass spectral library. (Substances with responses 
less than 10% of-the nearest internal standard are not 
required to be searched in this fashion.) Only after visual 
comparison of sample spectra with the nearest library 
searches will the mass spectral interpretation specialist 
assign a tentative identification. NOTE: Computer generated 
library search routines must not use normalization routines 
that would misrepresent the library or unknown spectra when 
compared to each other. 

5.2.2 Guidelines for making tentative identification: 

5.2.2.1 Relative intensities of major ions in the reference 
spectrum (ions greater than 10% of the most abundant 
ion) should be present in the sample spectrum. 
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5.2.2.2 The relative intensities of the major ions should 
agree within !20%. (Example: for an ion with an 
abundance of 50% in the standard spectra, the 
corresponding sample ion abundance must be between 
30 and 70%.) 

5.2.2.3 Molecular ions present in reference spectrum should 
be present in sample spectrum. 

5.2.2.4 Ions present in the sample spectrum but not in the 
reference spectrum should be reviewed for possible 
background contamination or presence of co-eluting 
compounds. 

5.2.2.5 Ions present in the reference spectrum but not in 
the sample spectrum should be reviewed for possible 
subtraction from the sample spectrum because of 
background contamination or co-eluting compounds. 
NOTE: Data system library reduction programs can 
sometimes create these discrepancies. 

5.2.3 If in the technical judgement of the mass spectral 

6. Quantitation 

interpretation specialist no valid tentative identification 
can be made, the compound should be reported as unknown. The 
mass spectral specialist should give additional 
classification of the unknown compound, if possible (i.e., 
unknown phthalate, unknown hydrocarbon, unknown acid type, 
unknown chlorinated compound). If probable molecular weights 
can be distinguished, include them. 

6.1 TCL components identified shall be quantified by the internal 
standard method. The internal standard used shall be the one nearest 
the retention time to that of a given analyte. The EICP area of 
characteristic ions of analytes listed in Tables 2 and 3 are used. 

Internal standard responses and retention times in all samples must 
be evaluated during or immediately after data acquisition. If the 
retention time for any internal standard changes by more than 
30 seconds from the latest daily (12 hour) calibration standard, the 
chromatographic system must be inspected for malfunctions, and 
corrections made as required. The EICP of the internal standards 
must be monitored and evaluated for each sample, blank, matrix spike, 
and matrix spike duplicate. If the EICP area for any internal 
standard changes by more than a factor of two (-50% to +100%), the 
mass spectrometric system must be inspected for malfunction and 
corrections made as appropriate. When corrections are made, 
re-analysis of samples analyzed while the system was malfunctioning 
is necessary. 
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6.2 The RRF from the daily standard analysis is used to calculate the 
concentration in the sample. Secondary ions may be used if 
interferences are present. The area of a secondary ion cannot be 
substituted for the area of a primary ion unless a RRF is calculated 
using the secondary ion. When TCL compounds are below quantitation 
limits but the spectra meets the identification criteria, report the 
concentration with a "J". 

6.2.1 Calculate the concentration in the sample using the RRF as 
determined in Paragraph 4.3 and the following equation: 

Concentration ~g/l = 
(Ax)(IsHVt) 

(Ais)(RRF)(V0 )(Vi) 

Ax = Area of the characteristic ion for the compound to e 
measured 

Ais = Area of the characteristic ion for the internal 
standard 

Is = Amount of internal standard injected in nanograms 
(ng) 

Volume of water extracted in milliliters (ml) 

Volume of extract injected (~l) 

Volume of total extract 

6.3 An estimated concentration for Non-TCL components tentatively 
identified shall be quantified by the internal standard method. For 
quantification, the nearest internal standard free of interferences 
sha 11 be used. 

6. 3.1 The formula for calculating concentrations is the same as in 
Paragraph 6.2.1. Total area counts (or peak heights) from 
the total ion chromatograms are to be used for both the 
compound to be measured and the internal standard. A RRF of 
one (1) is to be assumed. The value from this quantitation 
shall be qualified as estimated. This estimated 
concentration should be calculated for all tentatively 
identified compounds as well as those identified as unknowns. 

6.4 Calculate surrogate standard recovery on all samples, blanks, and 
spikes. Determine if recovery is within limits and report. 

--- -- - - - ---
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6.4.1 If recovery is not within limits (i.e., if two surrogates 
from either base/neutral or acid fractions are out of limits 
or if recovery of any one surrogate in either fraction is 
below 10%), the following is required. 

o Check to be sure there are not errors in calculations, 
surrogate solutions, and internal standards. Also, check 
instrument performance. 

o Reanalyze the sample if none of the above reveal a problem. 

6.4.2 If none of the steps above solve the problem, then reextract 
and reanalyze the sample. If the reextraction and reanalysis 
of the sample solves the problem, then the problem was within 
the laboratory•s control. Therefore, Qnly submit data from 
the analysis with surrogate spike recoveries within the 
control windows. This shall be considered the initial 
analysis and shall be reported as such. 

6.4.3 If the reextraction and reanalysis of the sample does not 
solve the problem, i.e., the surrogate recoveries are outside 
the control limits for both analyses, then submit the 
surrogate spike recovery data and the sample analysis data 
from analysis of both sample extracts. Distinguish between 
the initial analysis and the reanalysis on all data 
deliverables. 

6.4.4 If the sample with surrogate recoveries outside the limits is 
the sample used for the matrix spike and matrix spike 
duplicate and the surrogate recoveries of the matrix spike 
and matrix spike duplicate show the same pattern (i.e., 
outside the limits), then the sample, matrix spike, and 
matrix spike duplicate do not require reanalysis. Document 
in the narrative the similarity in surrogate recoveries. 
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ASSAY TITLE: The Analysis of Volatile Organics with Low Detection 
Limits by Purge and Trap Gas Chromatography/Mass 
Spectrometry Method 

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc. 
Mass Spectrometry Section 

SCOPE: 

This purge and trap gas chromatography-mass spectrometry (GC-MS) method is 
applicable to the determination of volatile organic compounds in municipal 
(drinking) water and groundwater. The compounds listed in Table 1 (see 
attachments) represent the standard list of analytes determined by this 
method. 

This method is restricted to use by, or under the supervision of, analysts who 
are experienced in the operation of a.purge and trap system, by GC-MS, and in 
the interpretation of mass spectra. 

PRINCIPLE: 

An inert gas is bubbled through a 25-mL water sample contained in a specially 
designed purging chamber at ambient temperature. The purgeables are 
efficiently transferred from the aqueous phase to the vapor phase. The vapor 
is swept through a sorbent trap where the purgeables are trapped. After 
purging is completed, the trap is heated and back flushed with the inert gas 
to desorb the purgeables onto a gas chromatographic column. The gas 
chromatograph is temperature programmed to separate the purgeables, which are 
then detected with a mass spectrometer. 

SENSITIVITY: 

The method detection limits presented in Table 6 represent the sensitivities 
that can be achieved in ground water in the absence of interferences. 

PRECISION, ACCURACY: 

Precision and accuracy for this method, as generated from an inhouse 
validation study, is presented in Table 7. 
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1. Environmental Protection Agency (EPA) Method 624 (Federal Register, 49 
(209): 43373-43384, October 16, 1984). 

2. Environment~l Protection Agency (EPA) Method 524.1, Revised 1985, "Methods 
for Determination of Organic Compounds in Finished Drinking Water and Raw 
Source Water", September 1986. 

3. Environmental Protection Agency (EPA) Contract Laboratory Program, 
Statement of Work for "Organic Analysis Multi-Media Multi-Concentration", 
October 1986. Revisions: January 1987, February 1987, July 1987, August 
1987. Exhibits: B, D, E. 
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The toxicity or carcinogenicity of chemicals used in this method has not been 
precisely defined. 

o Treat each chemical as a potential health hazard, and minimize exposure to 
these chemicals. 

Maintain an awareness of Occupational Safety and Health Administration (OSHA) 
regulations regarding safe handling of chemicals used in this method. 

o Make a reference file of material data handling sheets available to all 
personnel involved in the chemical analysis. 

o Additional references to laboratory safety are available for the 
information of the analyst. 

The following parameters covered by this method have been tentatively 
classified as known, or suspected, human or mammalian carcinogens: benzene, 
tetrachloroethene, trichloroethene, carbon tetrachloride, 1,2-dichloroethane, 
1,1 ,2,2-tetrachloroethane, 1,1,2-trichloroethane, chloroform, 
1,2-dibromomethane and vinyl chloride. 

o Prepare primary standards of these compounds under a hood. Wear a toxic 
gas respirator, approved by the National Institute of Occupational Safety 
and Health/Mining Enforcement and Safety Administration (NIOSH/MESA) when 
handling high concentrations of these toxic compounds. 

Observe all laboratory safety precautions as outlined in the Hazleton 
Laboratories America, Inc., Safety Training Manual. 

INTERFERENCES: 

Impurities in the purge gas, organic compounds outgassing from the plumbing 
ahead of the trap, and solvent vapors in the laboratory account for the 
majority of contamination problems. The analytical system is demonstrated to 
be free from contamination under the conditions of the analysis by running 
laboratory reagent blanks. Non-Teflon® plastic tubing, non-Teflon thread 
sealants, or flow controllers with rubber components in the purge and trap 
system are not used. 

QUALITY ASSURANCE: 

The minimum quality assurance/quality control (QA/QC) operations necessary to 
satisfy the analytical requirements associated with the determination of the 
volatile compounds listed in this method are as follows: 

o Documentation of GC/MS Mass Calibration and Abundance Pattern 

0 Documentation of GC/MS Response Factor Stability 
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Internal Standard Response and Retention Time Monitoring 

Method Blank Analysis 

Surrogate Spike Recovery Monitoring 

Matrix Spike and Matrix Spike Duplicate Analysis 

GCMS Tuning and Mass Calibration 

Establish that the GC-MS system meets the standard spectral abundance 
criteria before initiating any data collection. Tune the GC-MS system 
hardware to meet the abundance criteria listed in Table 1 for a maximum of 
a 50 ng injection of 4-bromofluorobenzene (BFB). Do not analyze the BFB 
simultaneously with any calibration standards or blanks. Demonstrate this 
criteria daily. 

o Meet the BFB criteria before any standards, samples, or blanks are 
analyzed. 

o Document the GC-MS tuning and mass calibration each time the system 
is tuned. 

o Demonstrate that the GC-MS system can generate easily recognizable 
spectra using 1.5 ~g/l for VOA 1 s. 

Table 

BFB Key Ions and Abundance Criteria 

Mass 
Criteria 

Ion Abundance 

50 
75 
95 
96 

173 
174 
175 
176 

177 

15.0 - 40.0 percent of the base peak 
30.0 - 60.0 percent of the base peak 
base peak., 100 percent relative abundance 
5.0 - 9.0 percent of base peak 
less than 2.0 percent of mass 174 
greater than 50.0 percent of the base peak 
5.0 - 9.0 percent of mass 174 
greater than 95.0 percent but less than 101.0 
percent of mass 174 
5.0 - 9.0 percent of mass 176 
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Calibrate the GC-MS system at a m1n1mum of three concentrations to 
determine the linearity of response using TCL compound standards 
before the analysis of samples and required blanks, and after the 
tuning criteria have been met. 

Prepare calibration standards (using 50 pg/mL HSL mix and 50 
pg/ml Purgeables ABC mix) to yield the following specific 
concentrations: 5, 10, and 20 pg/L. Inc 1 ude surrogates and 
internal standards at 10 pg/L with each of the calibration 
standards. 

Analyze each calibration standard and tabulate the area of the 
primary characteristic ion against concentration for each compound 
including all required surrogate compounds. The relative retention 
time (RRT) of each compound in each calibration run must agree within 
0. 06 RRT units. 

Use Table 2 and Equation 1 to calculate the relative response factors 
(RRF) for each compound at each concentration level. 

Equation 1 

RRF = --- x 

Where: 

Area of the characteristic ion for the compound to be measured 
Area of the characteristic ion for the specific internal 
standards from Table 2 (attachments) 
Concentration of the internal standard (ng/pL) 
Concentration of, the compound to be measured (ng/pl) 

Use Equation 2 and the relative response factors (RRF) from the initial 
calibration to calculate the percent relative standard deviation 
(% RSO) for the calibration compounds. 

Equation 2 

%RSO = so X 100 
X 

Where: 

RSD = Relative standard deviation. 

SO = Standard deviation of initial relative resoonse factors 
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x = Mean of initial relative response factors (per compound) 

All RF must be above 0.05 except 2-Butanone. 

The initial calibration is valid 
calibration compounds are <40%. 
(methylene chloride and acetone) 
than 40% RSD. 

only after the percent RSD for 
Common laboratory solvents 
are known to bias the results to more 

Table 2 

Volatile Internal Standards with Corresponding 
TCL Analytes Assigned for Quantitation 

Bromochloromethane 

Chloroethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,1-Dichloroethene 
1 ,1-Dichloroethane 
1,2-Dichloroethene 

(total) 
Chloroform 
1,2-Dichloroethane 
1,2-Dichloroethane-d4 

(surr) 

1,4-Difluorobenzene 

2-Butanone 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1,2-Dichloropropane 
trans-1 ,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1 ,2-Trichloroethane 
Benzene 
cis-1 ,3-Dichloropropene 
Bromoform 

(surr) Surrogate compound 

Chlorobenzene-ds 

2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Xy 1 ene ( tota 1) 
Bromofluorobenzene 

( surr) 
Toluene-de (surr) 
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A calibration standard(s) containing all volatile TCL crimpounds, 
including all required surrogates must be analyzed every 12 hours 
during analysis. (The concentration for each TCL compound is 
10 ~g/L). Compare the relative response factor data taken from the 
standards each twelve hours with the average relative response factor 
from the initial calibration for a specific instrument. 

Use Equation 4 to calculate the percentage difference (% difference) 
for all compounds and check the validity of the initial calibration. 

Equation 4 

% Difference = RRFi - RRFc x 100 
RRFi 

Where: 

RRFi = Average relative response factor from initial 
calibration 

RRFc Relative response factor from current 
calibration check standard 

If the percentage difference is less than, or equal to, 25.0%, assume 
that the initial calibration is valid. If the criteria are not met, 
take corrective action. This may involve rerunning the initial 
three-point curve. 

Evaluate the internal standard responses and retention times in all 
samples immediately after, or during, data acquisition. If the retention 
time for any internal standard changes by more than 30 seconds; inspect 
the chromatographic system for malfunctions and make corrections. 
Monitor the area of the extracted ion current profile (EICP) of the 
internal standards and evaluate the EICP for each sample, blank, matrix 
spike, and matrix spike duplicate. If the EICP for any of the internal 
standard changes from the latest calibration check standard by more than 
a factor of two (-50% to 100%), inspect the mass spectrometer for 
malfunction, and make corrections. 

Method Blank Analysis 

Analyze the method blank (consists of reagent water) once for each 
12-hour period. Ensure that the method blank volume is approximately 
equal to the sample volume being processed. Demonstrate that the method 
blank is free of contamination. 
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Perform surrogate recovery determinations on all samples and blanks. Add 
the surrogate compound to each sample, matrix spike, matrix-spiked 
duplicate, and blank. Use the amount of the surrogate standard and the 
acceptable percentage recovery limits that are listed in Table 3. 

Acceptable surrogate recovery limits are in Table 3. In the case of 
highly concentrated or "dirty" samples, the recovery limits may not be 
applicable. Make a professional judgment as to whether the sample is to 
be reanalyzed to demonstrate a matrix problem. Check the GC-MS system by 
analyzing a method blank. 

Table 3 

I 

\ I 

I 

.J i .-.,-. _-,_, .. --·11 
.. ---Surrogate Spike Compounds, 

Concentrations and Recovery Limits .,. ·-".:.~ ~ I 

Compounds 

To 1 uene-d8 

4-Bromofluorobenzene 

1,2-dichloroethane-d4 

Concentration 
(ppb) 

10 

10 

10 

6. Matrix Spike/Matrix Spike Duplicate Analysis 

Percentage 
of Recovery 

80 - 120 

80 - 120 

76 - 120 

In order to evaluate the matrix effect of the sample on the analytical 
methodology· and provide both precision and accuracy information, a matrix 
spike and matrix spike duplicate (MS/MSD) analysis is performed with each 
set of 20 samples. Spiking is performed at a level of 10 ~g/L, using a 
mixture of the following compounds: 

0 Benzene 

0 Toluene 

0 Trichloroethene 

0 Chlorobenzene 

0 1,1-Dichloroethene 

I 
I 
I 
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Calculate the individual .component recoveries of the matrix spikes using 
Equation 5. 

Equation 5 

SSR - SR 
Matrix Spike Percent Recovery = -------- x 100 

Where: 

SSR = Spike sample results 
SR = Sample results 

SA 

SA = Spike added from spiking mix 

Calculate the relative percentage difference (RPD) for each component 
using Equation 6. 

Equation 6 

RPD X 100 

Where: 

Fraction 

VOA 

VOA 

VOA 

VOA 

VOA 

RPD Relative percentage difference 
D1 - First sample value 
D2 Second sample value (duplicate) 

Table 4 
Matrix Spike Recovery Limits 

Matrix Spike Compound 

Benzene 

Toluene 

Trichloroethene 

Chlorobenzene 

1 ,1-Dichloroethene 

Control Limit* 

66-142 

76-125 

71 -120 

75-130 

61-145 

* These limits are for advisory purposes only. They are not to be used 
to determine if a sample should be re-analyzed. 
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o Vials, 40 ml, screw-cap vials with PTFE-faced silicone septum seals. 

Purge and Trap System (Tekmar LSC-2 or equiavlane) 

o Purging device, all-glass, capable of accepting 25-ml samples with a 
water column of at least 5 em deep, and with a glass frit (3-cm diameter 
at origin). Wash vials and seals with detergent, rinse with tap water 
and then distilled water, dry at 105°C, and then allow to cool in an area 
free of organic vapors. 

o Volatile trap, at least 25 em long, with an inside diameter of at least 
0.105 inches. The trap requires two phases: tenax and silica gel. 
Before daily use, condition the trap for 10 minutes at 220°C and back 
flood with an inert gas flow of at least 20 ml/minute Vent the trap 
effluent to the room through a charcoal trap. 

o Desorber, capable of rapidly preheating the trap to 180°C, and then 
desorbing the trap to the GC column, and maintaining a trap temperature 
of 180°C. 

GC-MS System 

o Gas chromatograph, Hewlett-Packard 5993 or equivalent, must be capable of 
temperature programming and achieving an initial column temperature of 
30° to 45°C. Use variable constant differential-flow controllers capable 
of maintaining constant flow rates throughout the desorbtion and 
temperature program. 

0 Gas chromatography column, 8 ft x 1/8 O.D. glass column, packed with 1% 
SP-1000 on Carbopack B (60/80 mesh), or equivalent. 

o Mass spectrometer, Finnigan 5100 or equivalent, capable of scanning from 
20 to 260 amu every 7 s or less, using 70 V (nominal) of electron energy 
in the electron impact ionization mode, and producing a mass spectrum 
that meets all the criteria in Table 3 (attachments) when 50 ng of 
4-bromofluorobenzene (BFB) is injected through the GC inlet. 

o GC-MS interface, constructed of all-glass or glass-lined materials. 
Glass is deactivated by silanizing with dichloro- dimethylsilane. 

Data System 

o Computer system, interfaced to the mass spectrometer, allows continuous 
acquisition and storage of on machine-readable media of all mass spectra 
obtained through the duration of the chromatographic program. Use a 
computer with software that can search for any GC-MS data file for 
specific m/z (masses) and plot such m/z abundance versus time or scan 
number. Software must also be able to integrate the abundance, between 
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Syringe and Syringe Valves 

0 
0 

0 

Syringes, 5- and 25-ml glass hypodermic with luerlock tip (two each) 
Micro syringes, 25 and 100 ~L 
Gas syringes, 1.0 and 5.0 ml gas tight, with shut off valve 

Miscellaneous 

0 
0 

Standard storage containers, 3.7-ml screw-cap amber vials 
Mini-inert valves, screw cap. 

REAGENTS: 

'0 

0 

Reagent water, producing less than a 0.4-~g/L response for the 
compounds being monitored, except those compounds recognized as common 
laboratory solvents (methylene chloride, acetone, 2-butanone, toluene). 

Methanol, demonstrated to be free of analytes (Spike 100 ~L into 25 ml 
of reagent water and analyze. This produces a response of less than 
0.4 ~g/L.) 

Stock Standards 

o Prepare the working standard for the HSL mix separately, or add to the 
purgeables (A, B, or C) working standards. It is convenient to prepare 
them separately because the purgeables working standards must be replaced 
more frequently than the HSL mix. 

Preparation of a 50 ~g/ml HSL Mix 

The solution provided from Supelco has 2 mg/ml of each compound. Place 
approximately 9 ml of methanol in a 10-ml volumetric flask. Using a 500 ~L 
gas tight syringe, add exactly 250 ~L of Supelco HSL Standard Mix to the 
volumetric flask. Ensure that the drops fall directly into the alcohol 
without touching the side of the flask. Dilute the flask to volume with 
methanol, stopper and invert three times. This yields a solution with each 
compound at 500 ~g/ml. Store at 0°C. This standard should be replaced 
monthly. 

Preparation of a 50 ~g/ml Purgeables A, B, and C 

Mixtures A, B, and C contain a different group of compounds. All are at 
200 ~g/ml. Place Purgeables C (the gases) in dry ice for 10 minutes. Using 
a 500-~L gas-tight syringe, add 250 ~Leach of methanol, Purgeables A, 
Purgeables Band Purgeables C to a milliliter micro-reaction vessel equipped 
with a mini-inert valve closure. Store the vial at 0°C. Replace Purgeables 
A, B, and C standards weekly to maintain proper concentration of the gases. 
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Supelco Purgeables Internal Standard Mix-624 provides the desired compounds in 
methanol at 1,000 pg/mL. Place approximately 9 mL methanol in a 10-mL 
volumetric flask. Using a 500-pL gas-tight syringe, add exactly 500 pL of 
the internal standard mix to the methanol. Ensure that the drops fall 
directly into the alcohol without touching the sides of the flask. Dilute 
volume with methanol, stopper, and invert three times. Store at 0°C. 

Preparation of a 25 pg/mL Surrogates Standard Mix 

Supelco Purgeables Surrogate Standard Mix provides the desired compounds in 
methanol at 250 pg/mL. Place approximately 8 mL methanol in a 10-mL 
volumetric flask. Using a 500- or 1 ,000-pL gas-tight syringe, add exactly 
1.0 mL of surrogate standard mix to the methanol using the technique described 
previously. Dilute to volume with methanol, stopper, and invert three times. 
Store at 0°C. 

Sample Spiking or Matrix Spike Standard 

o Matrix spike solution, containing the five compounds listed in Table 2 
(Attachment B). No mix is commercially available that has only these 
compounds. Prepare the stock standard from neat. 

Preparation of a Matrix Spike Stock Standard (2 mg/mL) 

Place approximately 24 mL methanol in a 25-mL volumetric flask. Allow flask, 
allow to stand unstoppered for 10 minutes, or until all alcohol-wetted 
surfaces have dried and tare. Using a 100-pL syringe, add 50 mg of the 
first compound; ensure that all of the drops fall directly into the alcohol 
without touching the flask neck. Re-tare the flask, and add 50 mg of the next 
compound. Repeat the process until all of the compounds have been added. 
Dilute to volume with methanol, stopper, and invert three times. Transfer 
contents to appropriate storage containers with no headspace and store at 0°C. 

Preparation of a Matrix Spike Working Standard (50 pg/ml) 

Place approximately 9 mL of methanol in a 10-mL volumetric flask. Using a 
500-pL gas-tight syringer add 250 pL of the 2.0 mg/mL stock solution to 
the flask using the technique described previously. Dilute to volume with 
methanol, stopper, and invert three times. Store at 0°C. 

SAMPLE COLLECTION, PRESERVATION, AND STORAGE: 

Sample Collection 

o Include trip blanks with each sample set (composed of the samples 
collected from the same general sampling site at approximately the same 
time). Fill at least of two sample bottles with reagent water and seal 
at the laboratory, and then ship these to the sampling site along with 
the empty sample bottles. Whenever a set of samples is shipped and 
stored, it is accomoanied bv trio blanks. 

---------------
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o Collect one field blank sample, which is composed of deionized laboratory 
water per group of 20 or fewer samples. Prepare this blank in the field 
as follows: Allow deionized laboratory water to contact the sampling 
equipment and then pour it into the sampling vial. Ensure that no air 
bubbles are trapped in the field blank sample when the vial is sealed. 

o Collect all samples in duplicate {triplicate when high levels requiring 
screening and dilution are suspected). Fill sample bottles to 
overflowing. Ensure that no air bubbles pass through the sample as the 
bottle is filled, or become trapped in the sample when the bottle is 
sealed. 

o 'When sampling from a water tap, open the tap and allow the system to 
flush until the water temperature has stabilized {usually about 
10 minutes). Adjust the flow to above 500 mL/minute and collect 
duplicate samples from the stream. 

o When sampling from an open body of water, fill a 1-qt wide-mouth bottle 
or 1-L breaker with sample from a representative area, and carefully fill 
duplicate sample bottles from the 1-qt container. 

Sample Preservation 

0 

0 

Chill the samples to 4°C on the day of collection and maintain them at 
that temperature until analysis. Package the field samples that are not 
received at the laboratory on the day of collection for shipment with 
sufficient ice to ensure that they are at 4°C on arrival at the 
laboratory. 

Analyze all samples within 10 days of sample receipt or within 14 days of 
sample collection. 

SAMPLE ANALYSIS: 

1. Quality Control Requirements 

Analyze the samples after the initial quality assurance activities are 
successfully completed. Twelve hours after the completion of the initial 
tuning, conduct an instrument tuning and calibration-check analysis. Any 
major system maintenance, such as a source cleaning or installation of a 
new column, requires re-tuning and recalibration, irrespective of the 
12-hour requirement {see Initial Calibration). Only the calibration 
verification is done for minor maintenance {Continuing Calibration). 

1.1 For highly concentrated or "dirty" samples, the EICP area for any 
internal standard may change by more than a factor of two. Make a 
professional judgment as to whether the sample is to be reanalyzed 
to demonstrate a matrix problem. Check the GC-MS system by 
analyzing a method blank. 
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1.2 Check each analytical run for saturation. The level at which an 
individual compound will saturate the detection system is a 
function of the overall system sensitivity and the mass spectral 
characteristics of that compound. 

1.3 If any compound in any sample exceeds the initial calibration 
range, dilute that sample. Re-adjust the internal standard 
concentration and reanalyze the sample. 

PROCEDURE: 

1. Upon receipt, samples should be stored at 4°C. 

2. Sample Analysis 

All standards, blanks, and samples should be analyzed in the following 
fashion: 

2.1 Purging 

2.1 . 1 

2 .1. 2 

2 .1. 3 

2.1. 4 

2.1. 5 

2.1. 6 

Set up the purge and trap system. Adjust the purge gas 
(helium) flow rate to 40 ml/minute. 

Allow the sample to come to ambient temperature before 
injecting it into the syringe. 

Remove the plunger from a 25-ml syringe and attach a closed 
syringe valve to it. 

Open the sample bottle (or standard) and carefully pour the 
sample into the syringe barrel to just short of overflowing. 

Replace the syringe plunge and compress the sample. 

Hold the syringe in an upright position with the syringe 
valve set on top of the syringe. Open the syringe valve, 
vent any residual air and adjust the sample volume to 25 ml. 

2.1 .7 Because this process of taking an aliquot ~estroys the 
validity of the sample for future analysis, fill a second 
syringe at this time to protect against possible loss of data. 

2.1 .8 Add 10 ~1 of the surrogate spiking solution (25 ng/~1) 
and 5 ~1 of the internal standard spiking solution (50 
ng/~1) through the valve bore and then close the valve. 

2.1 .9 Attach the syringe-syringe valve assembly to the syringe 
valve on the purgind device. 
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2.1.10 Open the syringe valves and inject the sample into the 
purging chamber. Close both valves. 

2.1 .11 Purge the sample for 11.0 ±0.1 minutes at ambient temperature. 

2.1 .12 After the 11-minute purge, attach the trap to the 
chromatograph and adjust the purge and trap system to the 
desorb mode. 

2.2. Gas Chromatography-Mass Spectrometry Analysis 

2.2.1 Set up the GC-MS operating parameters. 

Carrier gas flow rate: 40 mL/minute 
Injector temperature: 220°C 
Oven temperature: Hold at 45°C for 3 minutes and then heat 

to 220°C at 8°C/minute. Hold at 200°C 
until the programmed run time expires. 

Transfer line temperature: 225°C 
Ion source temperature: 200°C 
Scan range: 35-250 amu 
Electron energy: 70 V 
Scan Time: To give at least 5 scans per peak but not to 

exceed 7 seconds per peak. 

2.2.2 Introduce the trapped materials to the GC column by rapidly 
heating the trap to 180°C while back flooding the trap with 
an inert gas between 20 and 60 mL/minute for 4 minutes. If 
rapid heating of the trap cannot be achieved, use the GC 
column as a second trap by cooling it to 30°C, or subambient 
temperature (cryogenic trapping) if the problem persists, 
instead of the initial program temperature of 45°C. 

2.2.3 As the trap is being desorbed into the gas chromatograph, 
empty the purging chamber using the sample introduction 
syringe. Wash the chamber with two 25-mL flushes of reagent 
water. 

2.2.4 After desorbing the sample from the trap for 4 minutes, 
recondition the trap by returning the purge and trap system 
to the purge mode. Wait 15 seconds, and then close the 
syringe valve on the purging device to begin gas flow through 
the trap. Maintain the trap temperature at 180°C. After 
7 minute~, turn off the trap heater and open the syringe 
valve to stop the gas flow through the trap. When the trap 
is cool, the next sample can be analyzed. 

2.2.5 If the response for any m/z exceeds the working range of the 
system, prepare dilution of the sample with reagent water 
from the aliquot in the second syringe and reanalyze. 
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3.1 Achieve acceptable abundance criteria (see Table 4) for BFB at the 
beginning of each day that analyses are performed. This test must be 
passed prior to analysis of any standards, blanks, or samples. 

3.2 Upon achieving the key abundance criteria for BFB, calibrate the 
instrument as described in the Quality Assurance section, paragraph 2. 

3.3 After the instrumental calibration requirements are met, analyze a 
method blank (25 ml aliquot of reagent water plus 250 ng each 
internal standards mix and surrogate standards mix) to demonstrate 
that the instrument is free of contamination. 

3.4 Proceed with sample analysis. 

4. Qualitative Identification 

4.1 Obtain EICPs for the primary m/z (Table 5, attachments) and at least 
two secondary masses for each parameter of interest. The following 
criteria must be met: 

4.2 Ensure that the characteristic masses of each parameter of interest 
is maximized in the same, or within one, scan of each other. 

4.3 Ensure that the relative retention time fall within +.06 units of the 
relative retention time of the standard component. -

4.4 Ensure that the relative peak heights of the three characteristic 
masses in the EICPs fall within ±20% of the relative intensity of 
these masses in a reference mass spectrum. 

4.5 A library search shall be executed for non-TCL sample components for 
the purpose of tentative identification. For this purpose, the 1985 
release of the National Bureau of Standards Mass Spettral Library (or 
a more recent release), containing 42,261 spectra, shall be used. 

4.6 Up to 10 nonsurrogate organic compounds of greatest apparent 
concentration not listed as target volatile compounds shall be 
tentatively identified via a forward search of the NBS mass spectral 
library. (Substances with responses less than 10% of the nearest 
internal standard are not searched in this fashion.) Only after 
visual comparison of sample spectra with the nearest library searches 
will the mass spectral interpretation specialist assign a tentative 
identification. NOTE: Computer-generated library search routines 
must not use normalization routines that would misrepresent the 
library or unknown spectra when compared to each other. 
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Guidelines for making tentative identification: 

4.7.1 Relative intensities of major ions in the referenc~ spectrum 
(ions greater than 10% of the most abundant ion) should be 
present in the sample spectrum. 

4.7.2 The relative intensities of the major ions should agree 
within +20%. (Example: For an ion with an abundance of 50% 
in the standard spectra, the corresponding sample ion 
abundance must be between 30 and 70%.) 

4.7.3 Molecular ions present in reference spectrum should be 
present in sample spectrum. 

4.7.4 Ions present in the sample spectrum but not in the reference 
spectrum should be reviewed for possible background 
contamination or presence of co-eluting compounds. 

4.7.5 Ions present in the reference spectum but not in the sample 
spectrum should be reviewed for possible subtraction from the 
sample spectrum because of background contamination or 
co-eluting compounds. NOTE: Data system library reduction 
programs can sometimes create these discrepancies. 

4.8 If in the technical judgment of the mass spectral interpretation 
specialist no valid tentative identification can be made, the 
compound should be reported as unknown. The mass spectral specialist 
should give additional classification of the unknown compound, if 
possible (i.e., unknown phthalate, unknown hydrocarbon, unknown acid 
type, unknown chlorinated compound). If probable molecular weights 
can be distinguished, include them. 

5. Quantitation 

5.1 When a parameter has been identified, the quantitation of that 
parameter is based on the integrated abundance from the EICPs of the 
primary characteristic m/z given in Table 5. 

5.2 Equation 7 is used to calculate the concentration in the sample using 
the response factor (RF) determined in Calibration of GC-MS System 
section. 

Equation 7 

Concentration (~g/L) = ~s~is
Ais X RF 
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Where: 

As = Area of the characteristic m/z for the parameter or 
surrogate standard to be measured 

Ais = Area of the characteristic m/z for the internal standard 

Cis = Concentrations of the internal standard 

Report result is given in ~g/L without correction for recovery data. 

5.3 An estimated concentration for Non-TCL components tentatively 
identified shall be quantified by the internal standard method. For 
quantification, the nearest internal standard free of interferences 
shall be used. The formula for calculating concentrations is the 
same as in Equation 7. Total area counts (or peak heights) from the 
total ion chromatograms are to be used for both the compound to be 
measured and the internal standard. A RRF of one (1) is to be 
assumed. The value from this quantitation shall be qualified as 
estimated. This estimated concentration should be calculated for all 
tentatively identified compounds as well as those identified as 
unknowns. 

CALCULATIONS: 

Description of calculations has been included in the previous section. 
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Characteristic Ions for Volatile Compounds 

Parameter 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone· 
Carbon disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1 ,2-Trichloroethane 
Benzene 
cis-1 ,3-Dichloropropene 
Bromoform 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

Primary Ion 

50 
94 
62 
64 
84 
43 
76 
96 
63 
96 
83 
62 
72 
97 

117 
43 
83 
83 
63 
75 

130 
129 

97 
78 
75 

173 
43 
43 

164 
92 

112 
106 
104 
106 

Secondary Ion(s) 

52 
96 
64 
66 
49, 51 • 86 
58 
78 
61 • 98 
65, 83, 85, 
61. 98 
85 
64, 100. 98 
57 
99,117,119 
119, 121 
86 
85 

98. 100 

85, 131, 133, 166 
65. 114 
77 
95, 97, 132 
208, 206 
83, 85, 99, 132, 134 

77 
171, 175, 250, 252, 254, 256 
58, 57. 100 
58. 1 00 
129. 131 • 166 
91 
114 
91 
78. 103 
91 

a The primary ion should be used unless interferences are present, in which 
case, a secondary ion may be used. 
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Parameter 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
t,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanonea 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1 ,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethyl vinyl ether 
Bromoform 
2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

Table 6 

Analytes and Detection Limits 
by GC-MS Method 

CAS Number 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
6 7-64-1 
75-15-0 
75-35-4 
75-35-3 

1 56-60-5 
67-66-3 

107-06-2 
78-93-3 
71-55-6 
56-23-5 

108-05-4 
75-27-4 
79-34-5 
78-87-5 

10061-02-6 
79-01-6 

124-48-1 
79-00-5 
71-43-2 

10061-01-5 
110-75-8 

75-25-2 
591 -78-6 
108-10-1 
127-18-4 
108-88-3 
108-90-7 
100-41-4 
100-42-5 

a Based on laboratory experience. 
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Detection Limits 
Water ( JJ9/U 

.712 

.223 

.423 

.924 

.747 

.697 

.255 

.289 

.238 

.217 

.269 

.660 
5.0 

.876 

.303 
1.100 

.279 

.392 

.309 

.240 

.206 

.268 

.262 

.248 

.385 

.355 

.684 

.479 

.541 

.336 

.244 

. 182 

.876 

.266 

.741 
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Precision and 

Compound 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
Total 1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2-Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
Cis-1,3-Dichloropropene 
2-Chloroethyl vinyl ether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1 ,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

NO Not Determined 

Table 1 

Accuracy Data Low Level 
(25 mL Sample Purge) 

Spike Level Average 
_ivg{!J_ __{_vg/L) 

1.0 0.806 
1. 0 0.904 
1.0 0.788 
1.0 1.14 
1.0 .1. 32 
1. 0 1 .48 
1. 0 1.05 
1.0 0.881 
1.0 0.911 
1. 0 0.930 
1. 0 1.05 
1.0 0.89 

NO NO 
1.0 0.911 
1.0 0.836 
1 .0 l. 31 
1.0 0.948 
1.0 0.952 
0. 78 0. 746 
1.0 0.924 
1.0 0.997 
1.0 1.00 
1. 0 0.954 
l. 22 1.09 
1.0 0.925 
l.O 0.958 
1.0 l. 15 
1. 0 0.916 
1.0 0.911 
1.0 0.968 
1. 0 0.952 
1.0 0.986 
1. 0 0.854 
1.0 1.05 
1.0 0.967 
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GCMS Volatiles 

. Standard 
Recovery Deviation 

{%) ( v9.ill 

80.6 0.237 
90.4 0.0743 
78.8 0.141 

114 0.308 
132 0.249 
148 0.232 
105 0.0851 
88.1 0.0963 
91.7 0.0793 
93 0.0722 

105 0.0897 
89.4 0.220 

NO NO 
91.7 0.292 
83.6 0.101 

131 0.367 
94.8 0.0958 
95.2 0.103 
95.7 0.0799 
92.4 0.0686 
99.7 0.0892 

100 0.0875 
95.4 0.0828 
89.3 0.128 
92.5 0.108 
95.8 0.228 

115 0.180 
91.6 0.160 
91.1 0.112 
96.8 0.130 
95.2 0.0814 
98.6 0.0606 
85.4 0.292 

105 0.0888 
96.7 0.247 
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APPENDIX D 

WARZYN ENGINEERING INC 
STANDARD OPERATING PROCEDURES 

USING NON-CLP PROTOCOL 
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ATOMIC ABSORPTION SPECTROMETRY 
EURNACE - D1RECT ~NJECTlON 

Scope and Application: Metals in solution can be readily analyzed by Atomic 
Absorption Spectrometry using either flame, furnace 
or hydride techniques. The furnace - direct 
injection technique allows for lower detection 
limits. The use of the graphite platform in furnace 
analysis can improve sensitivity and reduce some 
matrix interferences. 

Method: Furnace; direct injection 

Reference: EPA 1983, Section 200 

"Analytical Methods for Furnace Atomic Absorption Spectroscopy", 
1980, Perkin-Elmer Corporation 

"Mode 1 2380 Atomic Absorption Spectrophotometer", 1981, Perkin
Elmer Corporation 

"Techniques in Graphite Atomic Absorption Spectroscopy", 1985, 
Perkin-Elmer Corporation 

Sample Handling: Acidify with concentrated nitric acid to pH<2. Drinking 
waters and filtered groundwater samples free of particulate 
matters and organics may be analyzed directly, while 
wastewaters, leachates, solids, etc., must be digested 
prior to analysis (refer to appropriate digestion procedures). 
Samples must be analyzed within 6 months. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

2380 Perkin-Elmer spectrophotometer 
Required metal lamp and power source 
HGA 400 Perkin-Elmer furnace and programmer 
AS40 Perkin-Elmer Autosampler 
024 Perkin-Elmer recorder 
Stock and standard solutions for required metal 
Class A volumetric glassware 
Instra-analyzed nitric acid 
Mill i -Q water 
Argon gas-prepurified 
Graphite tubes (pyrolytically coated) 
Graphite tubes and platforms (pyrolytically-coated) 
Eppendorf 100-1000 microliter pipeter 
Disposable 10 ml beakers 

METALFU1-1 
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1. Remove the sample compartment door and tray. 

2. Disconnect the tiedown cable, drainhoses. 

3. Remove the burner head unit by loosening the 2 side knurled knobs 
and the unit should pull out. Store below the A.A. Lower·the 
platform to lowest possible stage. 

4 •. Loosen the locking screw on the furnace stand. 

5. Lift the furnace up, and position the furnace on the pegs in the 
sample compartment, and screw into place. 

6. Turn on water. 

7. Attach the drain hose to auto sampler. 

8. Attach the D.I. water supply to auto sampler. 

Note - See the furnace maintenance procedures. The maintenance must be done 
with each day of use of the furnace. 

B. Furnace Alignment 

1. Plug in the lamp. 

2. Dial in the desired wavelength. Adjust the wavelength with the fine 
adjust knob to the highest energy reading on the GAIN control. 
Adjust the lamp using the knobs in the lamp compartment in the above 
manner. 

3. Turn ON the programmer and auto sample unit. 

4. Turn on the gas supply (Argon) with the pressure at 350kPa. 

5. Remove the furnace windows. 

6. Pull the furnace unit out of the light path. {Make sure all wires are 
out of light path.) 

7. A.Z. the instrument. 

8. Put the furnace unit back into position. 

9. Adjust the furnace with the two gray knobs on the unit. Adjust the 
furnace to the nearest 0.000 Absorbance you can obtain. 

10. Replace the windows. The absorbance should be about 0.100. 

11. Switch the ~ to open. 

METALFU1-2 
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13. Insert the graphite tube. 
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14. 

15. 

Insert the tube alignment tool into the sampling opening; .carefully 
turning the tube so the tip of the tool goes into the sample hole 
in the tube. 

Close the furnace. 

16. Switch the gas to ON. 

17. Remove the alignment tool. 

C. Conditioning a Graphite Tube 

Conditioning of the graphite tube should be done when you begin the day, 
change to a new tube, or change to another element. The conditioning of 
a tube removes impurities on the tube's surface. 

1. Push and hold for 5 seconds the MANUAL TEMP key at 100°C. Do 
this 4 times. Oo the same at 2700°C repeatedly until smoking 
has stopped, and no absorbance signal is obtained when the tube is 
taken through the element's program. 

0. Aligning the Auto-Sampler Arm 

1. Connect the drain bottle and the distilled water reservoir to the 
auto sampler. 

2. Turn ON the auto sampler. The sampler will go through a five step 
ri nsecycle. 

3. Manually move the arm towards the furnace. 

4. Adjust the arm so that the tip goes smoothly into the graphite tube. 

a. ·Unlock the arm by turning the red knob clockwise. 

b. Adjust the arm vertically and horizontally using the gray knobs 
at the front end left of the sampler. 

c. The height is adjusted using the silver knurled knob. The tip 
of the arm will be close to the tube wall but not touching. 
This can be checked using the dental mirror. See figure below: 

\ 
""-

I 

~ ~0..~'"" 
. "'Dv-t>? ' 
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Notes: 

--- --- -1-.-Se e-t-he-s ep ar ate-p POGed u res-i n vo-1-ved-w-i-th-p rogrammi-ng-e-1-eme nt-s-fo r-----
the furnace, and programming the auto sampler. 

2. Use 1:1 nitric for all glassware cleaning and standard preparation. 

E. Programming the Auto Sampler 

1. Push STAND-BY to get into operating mode. 

2. Enter Method 1. 

3. Enter the number of standards used (if in concentration mode only!). 

4. Enter the number of the last cup in the run. 

5. Enter two rep 1 i cates. 

6. Enter sample volume-usually 20 unless otherwise stated by procedures. 

7. Push RESET-this brings the tray back to the starting position. 

8. Push START to begin the run. 

9. Turn on the Perkin-Elmer 024 recorder. 

10. Insert blanks, standards and samples in the autosampler tray. Start 
the auto sampler and analyze the blanks, standards and samples. 
Analyze an EPA reference standard to verify the curve. This standard 
must be within the 95% confidence limits before continuing with the 
analysis of the samples. 

11. Analyze samples by methods described in the furnace section of this 
manual. Refer to specific metal operating procedures for notes on 
interferences, use of matrix modifiers, quality control and any 
other adjustments to this instrument operation procedure. 

Terminology 

ALT. VOLUME may be used to specify a volume of an alternate solution to 
be added to the sample (ex. Matrix Modifier). 

MANUAL may be used as follows: 

a. to move tray to a specific number. Push the number of the space 
then the manual button. 

b. to inject one sample repeatedly. When the sampler is aligned with 
the number you want to repeat, push the manual button once to start 
the repeats. 

METALFU1-4 
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CHECK when pushed, the indicator 1ight flashes. Push the operator 
button and the numbers entered will be displayed. 

F. Auto-Concentration - Furnace 

The machine is calibrated against one to three standards. The standard 
curve is drawn as a straight line between the zero and s1• Again, a 
st~aight line is drawn between S1 to S2, and S2 to s3• tRefer to 
Figure 1 in the MetalFl SOP, page 7.) 

If you should encounter an error code during calibration, the operator's 
manual has a listing of error codes and their meanings. 

Sianal - cone. 
Mo e - pk Ht or pk area 

(see specific SOP's) 

t = see specific SOP's 
Ave - 2 

Type the S1 (first standard) value and push S1 button 
Type the 52 (second standard) value and push tne s2 button 

Procedure 

1. Analyze the blank and auto-zero (AZ) Type in S1 value, push the s1 button. Repeat with desired standards. 

2. Analyze S1 standard, the A.A. will standardize S1, after the 2 
readings. Repeat until desired number of standards are standardized 
(usually have 2 standards for calibration). 

3. Analyze samples, check standards periodically during the run, 
re-standardize if necessary. 

Notes 

You can AZ any time during a run. 
If you re-standardize this s1 value, you have to re-standardize the s2 and s3• 

G. Method of Standard Addition - Furnace 

The method of standard additions is a useful tool which enables us to 
achieve an accurate determination of an element in the presence of an 
interference. Standard additions are required for EP Toxicity metals. 

METALFUl-5 
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SIGNAL - ABS t = (see specific SOP's) 
Ave - 2 

MODE - pk Ht or pk area (see specific SOP's) 

Procedure 

1. Take four aliquots of the sample at a set volume. 

2. Add the same volume of blank to the first beaker. 

3. Add the same volume of successive standards to the remaining beakers. 

4. Mix by swirling. 

Example - Beaker 1 Beaker 2 Beaker 3 Beaker 4 
----~~------~~~~--------~~~~----------~~~~-----

1/2 ml sample 
1/2 ml blank 

1/2 ml sample 
1/2 ml 1 PPM Std. 

1/2 ml sample 
1/2 ml 2 PPM Std. 

5. Aspirate the reagent blank and Auto-zero (A.Z.) 

1/2 ml sample 
1/2 ml 4 PPM Std. 

6. Aspirate the sample beakers from the blank to the highest spiked 
beaker. 

7. Record all four absorbance readings for the sample. 

Calculations 

Plot the absorbance readings against the concentrations of the standards 
added. The intercept of the concentration axis equals the concentration 
of the element in the sample. (S~e figure 2 on MetalFL1-7). Linear 
Regression may be used. 

H. Furnace Shut Down 

At the end of furnace work, follow the shut down procedure: 

1. Turn the B.G. corrector to the Atomic Absorption position. 

2. Turn SIGNAL to the lamp position. TURN lamp current to zero, EDL, 
Lamps -turn power pack off. Be careful to store hot EDL's in a 
horizontal position. 

3. Turn off water system. 

4. Turn off Argon gas. 
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5. Turn off hood. 

6. Turn off programmer and auto sampler unit. 

7. Disconnect drain hose, and unscrew D.I. water supply from the auto 
sampler. 

8. Remove the furnace by loosening the 4 screws. Pull furnace straight 
out of the compartment. Position furnace on the stand. Tighten 
the locking screws into position. 

9. Insert burner head unit. 

10. Connect tiedown cable and drain hoses. 

11. Replace compartment door and tray. The AA is now ready for flame 
analysis. 

I. Furnace Maintenance 

The following maintenance is to be done each day the furnace is operated. 

1. Clean the furnace windows. 

a. Pop out furnace windows from furnace unit. 

b. Unscrew window casting - gently dislodge windows from casting. 

c. Put windows in alcohol. 

d. Clean with Kim-wipe. 

e. Rinse with 0.1. water- dry 

f. Place windows in casting. Screw in finger tight. 

2. Che.ck machine windows and clean if needed (same as procedure in A.A. 
maintenance). 

3. Check cones - change the cones if they appear pitted (see P.E. 
Furnace Manual). 

4. Empty drain bottle. 

5. Rinse D.I. water bottle and fill with new D.I. water. 

6. Clean cones with alcohol on a Q-tip. Rinse with D.I. water. 
Be Careful! Cones are very fragile. 
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Notes: 

1. Samples must be diluted to obtain concentrations within the 
optimum range. 

2. Standards must be prepared in the same acid concentrations 
as the samples being analyzed. 

3~ Refer to the Perkin-Elmer Procedures Manual for further 
instructions and troubleshooting. 

Michael J. Linskens 
Laboratory Manager 

R1m D. Finner 

Revision Date 

11-14-86 

.Y-13-'37 

I Analytical_L~borat~r_,>')QA/QC 

(-·-------£~1 \..,;:/ I 
. ~ __ ) ~ ...... c,J.-

Officer 
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ATOMIC ARSORPT I_illLSE_E_CJJWr-1EJID' 
FLAME - DIRECT ASPIRATION 

Scope and Application: Metals in solution can be readily analyzed by Atomic 
Absorption Spectrometry using either flame or furnace 
techniques. The flame-direct aspiration can be used 
for most mPtals but is generally not as sensitive as 
the furnace method. Both the air-acetylene and nitrous 
oxide-acetylene flame techniques are described in this 
operating procedure as well as the use of emission 
spectroscopy. 

Method: Flame; direct aspiration 

Reference: EPA 1983, Section 200 

"Analytical Methods for Atomic Absorption Spectrophotometry", 1982, 
Perkin-Elmer Corporation 

"Model 2380 Atomic Absorption Spectrophotometry", 1981, 
Perkin-Elmer Corporation 

Sample Handling: Acidify with concentrated nitric acid to pH<2. Drinking 
waters and filtered groundwater free of particulate 
matter and organics may be analyzed directly, while 
wastewaters, leachates, solids, etc. rrust be digested 
prior to analysis (refer to appropriate digestion procedures). 
Samples must be analyzed within 6 months from sampling 
date. 

RPagPnts and Apparatus: 

1. 2380 Perkin-Elmer Spectrophotometer 
2. Stock and standard metal solutions 
3. Class A volumetric glassware 
4. Instra-analyzed nitric acid 
5. Milli-0 water 
6. Required lamp and power source 
7. Disposable 10 ml beakers 
8. Eppendorf 100-1000 ul nipeter 
9. Acetylene gas 

10. Air supply 
11. Nitrous oxide gas 
12. Air-ncetylene burner he~d with impact bead or nitrous oxide

acetylene burner head with flow spoiler 

r~ET ALFLl-1 



I 
I Procedure: 

--------========~-----------------------------------------

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A. Instrument Set-up Procedure for Flame Atomic Absorption 

1. Turn power button to the ON position. 

2. Plug in lamp. 

a. Hollow Cathode Lamp: Have the signal control in the~ position. 
Turn the lamp knob until the desired mAmps is shown on the lamp/ 

'energy display. Warm lamp for 15 minutes. 

b. Electrodless Electrode Discharge Lamp (EDL) Turn on the EDL 
power supply unit. Adjust the power to the watts needed. Warm 
up one half hour. Make sure the watts are at or slightly higher 
than the recommended watts. Otherwise, this will shorten the 
life of the lamp and elements can appear noisy. 

3. Turn Signal to Set-up. 

a. Turn the slit knob to the designated slit (see SOPs). 
Normal Slit settings are for flame and hydride work 
Alternate Slit setting are for furnace work. 

b. Adjust the Coarse Adjust knob to the desired wavelength. 

c. Using the Fine Adjust knob - turn to the highest energy level 
reading on the lamp/energy display. The Gain control may be used 
to decrease or increase the energy as needed. ' 

d. Adjust the lamp position; using the two knobs on the lamp holder. 
Again, adjust to the highest energy reading on the lamp/energy 
display. Alignment is critical for high quality results and 
ease of use. 

4. Turn signal to Abs. (Absorbance). 
Turn Mode to Cont. (Continuous read). 
Insert .5 sec t.- · 
Push AZ (Auto-zero). 

B. Burner Head Set-up and Alignment 

Insert appropriate burner head (5cm burner head for the nitrous-oxide/ 
acetylene flame, lOcm burner head for the air/acetylene flame) so the 
small peg on the burner chamber fits into the slot in the base of the 
burner head. Tighten the outer ring. 

1. Snap the safety chains in place. 

2. Insert the plug into the hole at the right rear of the burner 
platform. 

3. Using the right-hand silver knob - raise the burner head until a 
reading above 0.000 appears on the read-out display. 
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4. Turn the knob back to a reading of 0.000. Lower the burner head 1/4 
turn oe 1 ow fh-iso-:ooo--re a-d i-n g-. -(-"fhi s-adj u st s-the-bu rne r-he ad-to-a----
position below the light path.} 

Turn ON the Background Corrector if running an element with a wavelength 
be 1 ow 350 mm. 

1. AAEN - shows the lamp energy. 

2. BGEN - shows the background corrector•s energy. 

*These two readings should be approximately the same. (Usually close to 
75/74}. 

If the BG CORR - (to the right of the read-out ·display) begins to flash, 
pull the lever (inside the lamp compartment) forward. This moves a 
filter into place. 

C. Air-Acetylene Flame Ignition and Analysis 

1. Set fuel flow to specifications (approximately 10-20 psi) 

2. Set oxidant flow to specifications (approximately 40~50 psi) 

3. Ignite the flame. 

4. Let the flame stabilize a few minutes. 

D. Alignment of Burner Head 

Adjust the burner head to the best position as follows: 

1. Auto-zero the machine while aspirating a blank. 

Enter in 0.5 sec t on the keyboard 
Put signal in Abs. 
MODE in CONT • 

. 2. Aspirate a standard with an absorbance of about 0.200 and adjust the 
burner head towards the back of the instrument. Adjust to the 
highest Abs. reading on the display. 

E. Nebulizer Adjustment 

With the first element of the day, clean neubulizer with brass 
cleaning wire and adjust the neubulizer as follows: 

1. Aspirate the standard and open the neubulizer with the silver 
ring until air bubbles begin to appear in the standard. 

2. Adjust the silver ring to the highest Abs. reading that can be 
obtained. 
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3. Tighten locking nut. 

Now the instrument is ready for the day. The following two methods 
can be used to determine the metals content·. 

1. Auto-concentration. 

2. Standard-additions. 

See the section on each procedure for further instructions. 

F. Nitrous Oxide-Acetylene Flame Ignition and Analysis 

1. Follow A, Band C (steps 1-3) of this instrument operating procedure 
through the ignition of the air-acetylene flame using the 5 em 
burner head and flow spoiler for nitrous oxide-acetylene analysis. 

2. Set the nitrous oxide tank output regulator to between 40 to 85 
psi g. 

3. With the air-acetylene flame lit adjust fuel and oxidated rates 
until a white flame is achieved, then switch over to the nitrous. 
oxide-acetylene flame. 

4. Once the nitrous oxide-acetylene flame is ignited, adjust the oxidant 
and fuel rates to achieve a flame with a rose-red inner core 
approximately 1/2-3/4 in. high. 

5. Aspirate a standard with an absorbance of about 0.200. Maximize 
this reading by adjusting the burner head (do not raise or lower 
the head) and aspiration rate. 

6. While aspirating a blank, press the auto zero button. Aspirate 
standards· and record the absorbances. Analyze an EPA reference 
standard to verify the curve. The reference standard must be within 
the 95% confidence limits before continuing. 

7. Analyze samples. Refer to specific metal standard operating procedures 
for notes on interferences, use of matrix modifiers, quality control 
and any other adjustments to this instrument operating procedure. 

8. Switch back to the air-acetylene flame when done. 

G. Flame Emission Analysis 

1. Follow parts A, Band C (steps 1-4) as if you were setting up to 
run copper. All conditions (burner head alignment, fuel and 
oxidant rates, aspiration rate, etc) must be maximized before 
switching to emission. 
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----------------------
3. Set the·required wavelength and slit width for the metal which is 

to be analyzed by emission spectroscopy. 

4. Set the signal to EM, mode to CONT. 
While aspirating a blank, press the auto zero button. 

5. While aspirating a standard of concentration at the high end of 
the optimum range, set the gain to about 75. Using the wavelength 
fine adjustment knob, maximize the gain reading. Turn the gain 
back to 75. This peaks out the wavelength. 

6. Then aspirate standards and record the emission readings (The gain 
readings and emission readings will increase as the concentrations 
of standards aspirated increase.) Analyze an EPA reference standard 
to verify the curve. The reference standard must be within the 95% 
confidence limits before continuing. Refer to standard operating 
procedures for each metal for specific requirements. 

7. Analyze samples. Refer to standard operating procedures for 
quality control and any other specific requirements and notes. 

H. Auto-Concentration 

The machine is calibrated against one to three standards. 
curve is drawn as a straight line between the zero and s1• 
straight line is drawn between 51 to Sz, and s2 to s3. 

(See Figure 1) MetalFll-7 

The standard 
Again, a 

If you should encounter an error code during calibration, the operator•s 
manual has a listing of error codes and their meanings. 

Signal - Cone. 
Mode - Hold 

Type the s1 value and push 51 button 
Type the 52 value and push tne 52 button 

Procedure 

1. Aspirate the blank and auto-zero (AZ) 

t = 2 sec. 
Ave - 3 

2. Aspirate s1 standard, push the S1 button. Repeat until desired 
number of standards are entered. 

3. Aspirate samples, check standards during the run, re-standardize if 
necessary. 
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Notes 

You can AZ any time during a run. 
If you re-standarize this s1 value, you have to re-standardize the s2 
and s3• 

I. Method of Standard Addition 

The method of standard additions is a useful tool which enables us to 
achieve an accurate determination of an element in the presence of an 
interference. Standard additions are required for EP Toxicity metals. 

For an accurate value of an element, the working curve must be linear 
throughout the range of concentration encountered by the samples plus 
the additions. 

Procedure 

SIGNAL - ABS 

MODE - HOLD 

t - 2 sec. 

Ave - 3 

1. Take four aliquots of the sample at a set volume. 

2. Add the same volume of blank to the first beaker. 

3. Add the same volume of successive standards to the remaining beakers. 

4. Mix by swirling. 

Example - Beaker 1 Beaker 2 Beaker 3 Beaker 4 
--------~--------------------------~--------------~~-----

3 ml sample 
3 ml blank 

3 ml sample 
3 ml 1 PPM Std. 

3 ml sample 
3 ml 2 PPM Std. 

5. Asp~rate the reagent blank and Auto-zero (A.Z.) 

3 ml sample 
3 ml 4 PPM Std. 

6. Aspirate the sample beakers from the blank to the highest spiked 
beaker. 

7. Record all four absorbance readings for the sample. 

Calculations 

Plot the absorbance readings against the concentrations of the standards 
added. The intercept of the concentration axis equals the concentration 
of the element in the sample. (See figure 2 on following page). Linear 
regression may be used. 

Note: When doing furnace Std. Additions, pipet 1/2 ml of sample and 
standard directly into the cups. Mix thoroughly. 
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Cone, 0 

R ...... ~o- Ca1c:w .. ro±;on 

J. General Instrument Shut-down 

1. Turn off the air-acetylene flame by first turning off the fuel 
supply, then turning off the oxidant supply. (The order is important 
or a flashback may occur!) Turn B.G. corrector to the A.A. Position, 
Signal to Lamp. 

2. Turn off the gas tanks and air supply. Bleed lines of all gases. 

3. Turn off the lamp. Be careful to store hot EDL•s in a horizontal 
position. Put lamps away. 

4. Turn the gain counter clockwise as far as it will go. 

5. Turn off the P.E. 2380 power switch. 

6. Put burner head in D.I. water overnight. 

7. Rinse the burner chamber with D.I. water. 

K. Atomic Absorption - Maintenance 

The daily and weekly and monthly maintenance procedures are discussed 
in this section. 
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Daily Cleaning Schedule 

1. Burner Heads 

Due to the nature of our samples (mainly high dissolved solids) clean 
the burner head daily. Proceed as follows: 

a. Soak the burner heads in a weak detergent solution, overnight. 

b. In the morning, rinse the burner head with 0.1. water and wipe dry. 

c. Replace the burner head in the burner chamber. 

d. Using a name card or equivalent, clean the burner head slot. 

e. Press the oxidant button on the A.A. (this forces air through the 
burner head) wipe off excess water expelled. 

2. Burner Chamber 

a. Rinse the chamber at the end of each day. 

1. Remove burner head. 

2. Pour D.I. water into burner chamber. 
This flushes the drain system as well 
as the burner chamber. 

3. Windows 

Check the windows of the A.A., if they are dirty, clean with isopropol 
alcohol; rinse with D. I. water. 

4. Nebulizer 

Each morning, push the brass wire through the capillary. This will 
dislodge any solid particles. 

If you notice a low sensitivity reading or the capillary isn't aspirating 
as fast as before, repeat the above procedure. 

Weekly Cleaning Schedule 

1. Empty the drain jug 

a. Empty jug into sink, being careful due to the acid content. 

b. Rinse the jug with tap water. 

c. Fill the jug with 0.1. water to a few inches above the drain 
hose. Water must cover the hose or a flashback may occur. 
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2. Cleaning the neubilizer 

a. Remove neubulizer from the burner. 

b. Unscrew the neubilizer. 

c. Carefully pull out the needle assembly (good picture in P.E. 
Model 2380 Atomic Absorption Manual page 12-6.) 

d. Remove front end cap and 0-ring. 

e. Clean each section with soap and water. Rinse thoroughly. 

f. lightly grease the 0-rings ( may be found in top drawer by A.A.) 

3. Cleaning the Neubilizer Assembly 

a. Put the neublizer together, being careful the needle into the main 
component with the needle or face is facing the opening in the body. 

b. Continue to reassemble the nebulizer. 

c. Insert the nebulizer in the burner 

d. Adjust the aspiration rate as described in the set-up procedure 

Monthly Cleaning Schedule 

1. Clean the entire A.A. burner and drain system. 

a. Aspirate a ten percent detergent for 10-15 minutes. 

b. Aspirate D.I. water for 30 minutes to flush system thoroughly. 

2. Drain air compressor and change the air filter if necessary. 

3. Nebuliz~r (Refer to figure 2) 

a. ClPaning the nebulizer 

1. Remove the black nebulizer oxidant tubing and loosen the clamp 
screw. Remove the nebulizer from the burner end cap. 

2. Unscrew and remove the knurled knob (1) and wnsher (3) 

3. Carefully pull out thP needle assembly {4) and inspect the inner 
end for deposits. Clean if required and lay aside. 

4. Remove 0-ring from the other end {12), unscrew and remove the 
front end cap (11}, and pull out the venturi {10). 
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5. Remove the insert (8) by pushing out with a wooden probe (pencil). 

6. Clean all components with soap and water, gently using a scrub 
pad and without scratching metal (soaking may be used on difficult 
deposits. 

7. Inspect 0-rings (replace when necessary), clean with soap and 
water, dry and lightly grease (special grease is in top drawer 
by A.A.) 

b. Assembling the nebulizer 

1. Slide the needle assembly into the insert as far as it will 
go, and replace into the left end of the nebulizer body. 

Note Make sure the slanted needle opening is facing the opening 
of the body. 

2. Replace the washer and knurled knob (the needle tip should protrude 
from the small aperture in the insert end). 

3. Install the venturi over the needle tip; put on and tighten the 
front end cap and replace the a-ring on the end of the venturi. 

4. Insert the nebulizer back in the burner, connect the oxidant 
tubing and tighten the clamp screw. 

5. Adjust the aspiration rate and lock setting with the locking 
ring (2). 

~~cbt.;~!.:e:-
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Qua 1 i ty Control: 

1. 

Notes: 

1. 

2. 

3. 

Refer to specific metal standard operating procedures. 

Refer to Perkin-Elmer Operating Procedures manual for further 
instructions. 

Intermediate standards must be prepared fresh from purchased 
stock solutions every 6 months. Working standards must be prepared 
fresh every 2 months. 

Standards are to be prepared in the same acid concentration as 
the samples being analvzed. 

Revision Date 

11-14-86 
Michael J. Linskens 
Laboratory Manager i..J-13-81 

K~ ~~!\.: 
Kim D. Finner 
Ana lyti 1 L Officer 

/ 
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ALUMINUM 

Method: AA - Flame; Dir~ct Aspiration 

Reference: EPA 1983, Method 202.1 

"Analytic'll Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.20 mg/L 

Optimum Concentration Range: 0.20- 50.0 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Aluminium hollow cathode lamp with lamr energy set at 25. 

2. 

3. 

4. 

5. 

Wavelength: 309.3 nm 

S 1 i t H i d t h : 0 • 7 N o rma 1 

Fuel: Acetylene 

Oxfdant: Nitrous oxide 

6. Type of flame: RPd 

7. Standards to use for curve set-up: 5.00, 10.0, 20.0, 50.0 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standa~d Aluminum Solution (100 mg/l Aluminum): Pipet 10 ml of 
the 1000 ppm stock aluminum solution into a 100 mL volumetric 
flask, ndd 1/2 ml HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Vnlume of Dilute 
of Standnrd Aluminum Standard to 

5.00 mg/L 0.5 ml of 1000 mg/L Al 100 ml 
10.0 mg/L 1 ml of 1000 mg/L Al 100 ml 
20.0 mg/L 2 ml of 1000 mg/L Al 100 ml 
50.0 mg/L 5 ml of 1000 mg/L A 1 100 ml 
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3. 

Notes: 

Potassium Chloride Solution: In a 1 liter volumetric flask, 
dissolve QSg KCL in Milli-O water and dilute to the mark. 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentration as the 
samples being analyzed. 

3. The use of background correction is required. 

4. Aluminum is partially ionized in the nitrous oxide-acetylene flame. 
This problem can be controlled by the addition of potassium. Add 
2 ml of 1000 ppm potassium to 100 ml samples, blnnks and standards. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrolllf'try, Flame- Direct Asniration section of this manual. 

If aluminum is to be run in concentration mode, use the 10.0 and 
50.0 mg/L alu~inum standards for standardization and follow the 
procedure for analyzing in concentration mode. 

To 10 mL of samples, blanks and standards, and 0.2 ml KCL solution. 
Mix and analyze. 

Quality Control: 

1. 

2. 

Establish a standard curve with the standards listed above plus 
a blank. Record the abs0rbance check standard in the absorb~nce 
check book. The absorb~nces should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

A quality control calibration standard of 10.0 mg/L is to be 
nnalvzed, at a minimum, r~fter every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be thP calibration 
standard. These standards must be within the acceptable ranges or 
thP samples run after the last acceptable check standard are to 
be reanalyzed. Record the calibration standnrds in the quality 
control hook. The confidence limits are noted in the auality 
control book. 
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3. Duplicate and spike a m1n1mum of 1 out of 10 samples. If less than 
10 samples are ~nalyzPd, a duplicat~ and spike are still required. 
Duplicntes are to be averaged. Spike samples with a standard of 
twice thP. concentre~tion of the sample in a 1:1 ratio of sample to 
stande~rd. Soike rPcoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

Ca 1 cula ti ons: 

1. 

2. 

3. 

Plot concentration vs absorbance on graph. Det~rmine unknowns using 
qraoh, or 

Calculate using linear regression, or 

Calculate using concentration mode. 
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1 Method: AA - Furnace; Direct Injection 
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Reference: EPA 1983, Method 204.2 

"Analytical Methods for Furnace Atomic Absorption 
Spectrophotometry", 1982, Perkin-Elmer Corporation 

"Techniques in Graphite Furnace Atomic Absorption 
Spectrophotometry", 1985, Perkin-Elmer Corporation 

Contact Laboratory Program, "Statements of Work", July, 1985 

Detection Limit: 0.005 mg/L 

I Optimum Concentration Range: 0.005 - 0.050 mg/L 

Instrument Conditions: 

I 1. Antimony electrodeless discharge lamp with lamp energy set at 7. 

2. Wavelength: 217.6 nm 

I 3. Slit Width: 0.2 Alternate 

I 
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4. Mode: Peak Height 

5. HGA Furance Programming: 

Step 1: _lZQ_ (dry templ 10 !ramp t~mel 20 !hold timel 
Step 2: 900 (char temp ---5- ramp t1me ~ hold time 
Step 3: 2400 (atom temp 0 ramp time 3 hold time 

*Also press the read, record and stop flow buttons; 
t = 3 sec. 

Step 4: 2400 (max temp) ___ 0_ (ramp time) ___ 3_ (hold time) 
.. 

Press the record button. 

6. Sample Volume : 20 uL 

7. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/L. 

8. Platform is required. 

Sample Handling: Acidify with nitric acid to pH <2. Analyze within 6 months. 

[C-600-91a] 
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Reagent P~epa~at~on: 

1. Standard Antimony Solution (1000 ug/L Antimony): Pipet 1.00 ml of the 
1000 ppm stock antimony solution into a 1000 ml volumetric flask, add 
1/2 ml HN03 and dilute to the mark with 0.1. water. Prepare fresh 
every month. 

2. Standards (Prepare fresh every week.): 

Concentration Volume of Oil ute 
of Standard Antimony Standard to 

10.0 ug/L 1 ml of 1000 ug/L Sb 100 ml 
20.0 ug/L 2 ml of 1000 ug/L Sb 100 ml 
50.0 ug/L 5 ml of 1000 ug/L Sb 100 ml 

3. Nickel Nitrate 5% Solution: Dissolve 25.0g of nickel nitrate in 100 ml 
of 0.1. water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. The use of halide acids should be avoided. 

5. Nickel nitrate is added as a matrix modifier to control interferences. 

6. Platform technique is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

To 5 ml of samples, blanks, and standards add 0.1 ml of Ni (N03)2 
solution. 

For the use of concentration mode, use the 20.0 and 50.0 standards 
and follow the procedure for using the concentration mode. 

Qua 1 ity Contra 1 : 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 

[C-600-91a] 
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-------- ------------ - -

--- ----not,- .necessar..y_troubleshooting_must_be_pe~formed __ before __ continuing _______ _ 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 

2. 

3. 

etc.). -

A quality control calibration standard of 20.0 ug/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

Digest a duplicate and spike; a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a digested duplicate and spike are 
still required. Duplicates are to be averaged. Spike samples with 
standard of twice the concentration of the sample in a 1:1 ratio of 
sample to standards. Spike recoveries and duplicate results are to be 
within an acceptable ranges or the use of dilution, or method of 
standard additions is to be applied to reduce the interferences. 

4. For every sample analyzed, an analytical spike (at the bench} must be 
run to verify that standard additions are not required. Criteria for 
standard additions are: 

a. If the spike recovery is within 85-115%, standard additions are 
not required. 

b. If the spike recovery is outside 85-115%, standard additions are 
required. 

5. An EPA reference standard will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height} on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 
·-

3. Calculate using the concentration mode. 

[C-600-9la] 
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' I Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 204.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

, I Detection Limit: 0.50 mg/L 

I 
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Optimum Concentration Range: 0.50 - 20.0 mg/L 

s~mple Handlinq: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of pa rti cula te matter and 
organics ~Y be analyzed directly, while wnstewaters, 
le~chates, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedures). Analyze 
within 6 months. 

Instrument Conditions: 

1. Antimony electrodeless discharge lamp with lamp energy set at 7. 

2. 

3. 

4. 

5. 

Wavelength: 217.6 nm 

Slit Width: 0.2 Normal 

Fuel: Acetylene 

0 xi da n t: A i r 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 2.00, 5.00, 10.0, 20.0 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Antimony Solution (100 ma/L Antimony): Pipet 10 ml of the 
1000 ppm stock antimony solution into a 100 mL volumetric flask, 
add 1/2 mL HN03, and dilute to the mark with r~illi-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard Antimon~ Standard to 

2.00 mg/L 2 ml of 100 mg/L Sh 100 ml 
5.00 mg/L 5 ml of 100 mg/L Sb 100 ml 
10.0 mg/L 10 ml of 100 mg/L Sb 100 ml 
20.0 mg/L 20 ml of 100 mg/L Sb 100 ml 

SbFlC-1 
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1. 

2. 

3. 

4. 

s. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to bP prepared in the s~me acid concentrations as the 
samples being analvzed. 

The use of background correction is required. 

This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where high concentrations of antimony 
are expected and low detection limits are not required. 

Lead, in concentrations of >100 mg/L, may interfere. Use an 
alternate wavelength of 231.1 nm in this situation. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If antimony is to be analyzed in concentration mode, use the 
10.0 and 20.0 stnndards for standardization and follow the 
procedure for analyzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignmP.nt, lamp 
alignment, etc.). 

2. 

3. 

A quality control calibration standard of 5.00 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The le~st sample analyzed in the run is to be the calibration standard. 
These standards MUSt be within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
R~cord the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

Duplici\te and spike a minimuf!l of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike snmples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
rangP.s or the use of dilution or method of standard nrlditions is 
to be applied to reduce the interferences. 

SbFlC-2 
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Cal cu latrorrs-: 

I 1. Plot concentration vs absorb~nce on graph. Determine unknowns using 
graph, or 

I 2. C:a 1 cu 1 ate using 1 i near regression, or 

3. Calculate using concentr~tion mode. 
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ARSENIC 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 206.2 

11 Analytical Methods for Furnace Atomic Absorption Spectrophotometry .. , 
1982, Perkin-Elmer Corporation 

.. Techniques in Graphite Furnace Atomic Absorption Spectrophotometry .. , 
1985, Perkin-Elmer Corporation 

Contract Laboratory Program, 11 Statement of Work 11
, July, 1985 

Detection Limit: 0.002 mg/L 

Optimum Concentration Range: 0.002 - 0.050 mg/L 

Sample Handling: Acidify with nitric acid to pH< 2. Analyzed within 6 
months. All samples must be digested prior to analysis. 

Instrument Conditions: 

1. Arsenic electrodeless discharge lamp with lamp energy set at 8. 

2. Wavelength: 193.7 nm 

3. Slit Width: 0.7 Alternate 

4. Mode: Peak height 

5. HGA Furnace Programming: 

Step 1: 
Step 2: 

130 (dry temp) 10 (ramp time) 20 (hold time) 
--:-:13::-:0::-:::0,....- (char temp) -1~0~- (ramp time) ---,1"'""0,....-- (hold time) 

Step 3: 2500 (atom temp) 0 (ramp time) 3 (hold time) 

*Also press the read, record and stop flow buttons; enter t = 3 sec. 

Step 4: 2500 (max temp) 0 (ramp time) __ 3:___ ( ho 1 d time) 

Press record button. 

6. Sample Volume: 20 ul 

7. Standards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/L. 

8. Pyrolytic tubes must be used. 

AsFuC-1 
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------~ ----.-- .---~ ---:----Reagent Preparation: 

I 1. Standard Arsenic Solution (1000 ug/L Arsenic): Pipet 1.00 ml of 
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2. 

Notes: 

the 1000 ppm stock arsenic solution into a 1000 ml volumetric 
flask, add 1/2 ml HN03, and dilute to the mark with Milli-Q water. 
Prepare fresh every month. 

Standards (Prepare fresh every week.): 

Concentration Volume of Dilute 
of Standard Arsenic Standard to 

0 ug/L 0 ml of 1000 ug/L As 100 ml 
5 ug/L 1/2 ml of 1000 ug/L As 100 ml 

10 ug/L 1 ml of 1000 ug/L As 100 ml 
20 ug/L 2 ml of 1000 ug/L As 100 ml 
50 ug/L 5 ml of 1000 ug/L As 100 ml 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. Nickel nitrate is added as a matrix modifier to minimize volatilization 
losses during the drying and charring steps. 

4. The use of the background correction is required. 

5. High concentrations of phosphorus interfere with this procedure. 
The gaseous hydride method for arsenic should be used in these 
cases. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

Prior to Analysis: To 5 ml of digested sample or standard, 
add 0.1 ml of 5% nickel nitrate solution. Mix well. 

If Arsenic is to be analyzed in concentration mode, use the 20 
and 50 ug/L arsenic standards and the procedures for analyzing 
in the concentration mode. 

AsFuC-2 
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1. 

2. 

Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run to 
run. If not, necessary troubleshooting must be performed before 
continuing (check wavelength, furnace alignment, lamp alignment, 
graphite tube, etc.). 

A quality control calibration standard of 20 ug/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within acceptable ranges or 
the samples ·run after the last acceptable calibration standard 
are to be reanalyzed. Record the calibration standard in the 
quality control book. The confidence limits are noted in the 
quality control book. 

3. A digested duplicate and spike a minimum of 1 out of 10 samples. 
If less than 10 samples are analyzed, a digested duplicate and 
spike are still required. Duplicates are to be averaged. Spike 
samples with a standard of twice the concentration of the sample 
in a 1:1 ratio of sample to standards. Spike recoveries and 
duplicate results are to be within acceptable ranges or the use of 
dilution, or method of standard additions is to be applied to 
reduce the interferences. 

4. For every sample analyzed, an analytical spike {at the bench) 
must be run to verify that standard additions are not required. 
Criteria for standard additions are: 

a. If the spike recovery is within 85 - 115%, standard additions 
are not required. 

b~ If the spike recovery is outside 85 - 115%, standard additions 
are required. 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns 
using graph, or 

2. Calculate using linear regression, or 

AsFuC-3 
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BARIUM 

Method: AA - Flame; Direct Asniration 

Reference: EPA 1983, Method 208.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Contract Laboratory PrograiT', "Statement of Work", July, 1985 

Detection Limit: 0.20 mg/L 

II Optimum Concentration Range: 0.20 - 10.0 mg/L 

II 
I 
II 
I 
I 
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I 
I 
I 
I 
I 
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Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to 
analysis (refer to appropriate digestion procedures). 
Analyze within 6 months. 

Instrument Conditions: 

1. 

2. 

3. 

Barium hollow cathode lamp with lamp energy set at 25. 

Wavelength: 553.6 nm 

Slit Hidth: 0.2 

4. Fuel: Acetylene 

5. Oxidant: Nitrous oxide 

6. Type of flame: Red 

7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/L. 

Reagent Preparation: (Prepare fresh everv 6 months unless otherwise noted.) 

1. Standard Barium Solution (100 mg/L Barium): Pipet 10 mL of the 
1000 ppm stoc~ barium solution into a 100 mL volumetric flask, 
add 1/2 mL HN03 and dilute to the mark with Milli-Q water. 

BaFlC-1 
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I 2. Stnndards (Prepare fresh every 1 month.): 
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Con centra ti on Volume of Dilute 
of Standard Barium Standard to 

1.00 mg/L 1 ml of 100 mg/L Ba 100 ml 
2.00 mg/L 2 ml of 100 mg/L Ba 100 ml 
5.00 mg/L 5 ml of 100 mg/L Ba 100 ml 
10.0 mg/L 10 ml of 100 mg/L Ba 100 ml 

3. Potassium chloride solution: In a 1 liter volu~tric flask, 
dissolve ~Sg KCl in Milli-Q water and dilute to the mark. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples beinq analyzed. 

3. Barium is easily ioniz~d in the nitrous oxide-acetylene flame. This 
can b@ controlled by the ad~ition of potassium. Add 2 ml of 1000 ppm 
potassium to 100 ml sample and standards. 

4. High calcium can cause an extremely noisy signal and high false 
positive values. 

5. This flame procedure can be used for digested samrles, EP Toxicity 
samples or nny other samples where low df>tection limits are not 
reauired. EP Toxicity samples must be spiked to verify that 
standard additions are not required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Oirect Aspiration section of this mAnual. 

Potassium chloride solution is addPd as a matrix modifier to 
the samples and standards at a ratio of 0.2 ml KCL to 10 rnL 
of sample or standard. 

If barium is to be run in concentration mode, use the 5.00 and 
10.0 standards and follow the procedure for analyzing in the 
concentration mode. 

Quality Con tro 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the ahsorbance 
check book. The absorbances should rem~in consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
a 1; gnl'PE'nt, etc.}. 
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3. 

at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last 
sample analyzed in the run is to be the calibration standard. 
These standards must be within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
tw1ce the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduc~ the interferences. 

Calculations: 

1. 

2. 

3. 

[ALM-10-1] 

Plot concentration vs absorbance on graph. Determine unknowns 
using graph, or 

Calculate using linear regression, or 

Calculate using concentration mode. 
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I Method: AA - Flame; Direct Aspiration 
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Reference: EPA 1983, Method 210.1 

"Analytical Methods for Atomic Absorntion Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.02 mg/L 

Optimum Concentration Ranqe: 0.02 - 2.00 mg/L 

Sample Handlinq: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of pa rti cula te rna tter and 
organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to 
analysis (refer to anpropriate digestion procedures). 
Analyze within 6 months. 

Instrument Conditions: 

1. Beryllium hollow cathode lil.mp with lamp energy set at 30. 

2. Wavelength: 234.9 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Nitrous oxide 

6. Type of flame: Red 

7. Standards to use for curve set-up: 0.20, 0.50, 1.00, 2.00 mg/L. 

Reaqent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. 

2. 

Standard Beryllium Solution (10.0 mg/L Beryllium): Pipet 10 ml of 
the 1000 ppm stock beryllium solution into a 1000 ml volumetric 
flask, add 1/2 ml HN03, ilnd dilute to the mark with r~illi-Q water. 

Standards (Prepare fresh every month.): 

Concentration Volume of Di 1 ute 
of Standard Ber~ 11 i um S ta nda rd to 

0.20 mg/L 2 ml of 10.0 mg/L Be 100 ml 
0.50 mg/L 5 ml ·of 10.0 mg/L Be 100 ml 
1.00 mg/L 10 ml of 10.0 mg/L Be 100 ml 
2.00 mg/L 20 ml of 10.0 mg/l Be 100 ml 

BeFlC-1 
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1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same ncid concentrations as the 
samples bE>ing analyzed. 

3. The use of background correction is required. 

4. Sodium and silicon in excess of 1000 mg/L severely depress the 
absorbance for beryllium. The addition of oxine (8-hydroxyquinoline) 
as ~ rna tri x modifier wi 11 contra 1 these interferences. 

5. Aluminum of concentrations of 500 ug/L will depress the sensitivity. 

Procedure: For the analysis procedure, refer to the Atomic Ahsorotion 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If beryllium is to be run in concentration mode, use the 1.00 
and 2.00 standards and follow the procedure for analyzing in 
the concentration mode. 

Qua 1 i ty Control: 

1. 

2. 

3. 

Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necess~ry troubleshooting mJst be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

A quality control calibration standard of 0.50 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within the acceptable ranges or 
the samples run after the last acceptable check standard are to 
be reanalyzed. Record the calibration standards in the quality 
control book. The confidence limits are noted in the quality 
control book. 

Duplicate and spike a m1n1mum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicr~tes are to be within acceptable 
ranc11~s or the use'of dilution or ITIP.thod of standard additions is 
to be applied to reduce the interferences. 

BeFlC-2 



I 
I 

cara:nan on s: 

I 1. Plot concen tra ti on vs absorbance on graph. Determine unknowns using 
graph, or 

I 2. Ca 1 cuh te using 1 i near regression. 

3. Cr1lculate using thP. concentration mode. 
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Method: AA - Flame; Direct As pi ration 

Reference: EPA 1983, Method 213.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Oetecti on Limit: 0.01 mg/L 

Opti~um Concentration Range: 0.01 - 1.00 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered qroundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be diqested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Cildmium hollow cathode lamp with lamp energy set at 4. 

2. 

3. 

4. 

s. 

6. 

7. 

Wavelength: . 228.8 nrn 

S 1 i t W i d t h : 0 • 7 Norma 1 

Fue 1: Acetylene 

Oxidant: Air 

Type of flame: Oxidizing, lean, blue 

Standards to use for curve set-up: 0.10, 0.20, 0.50, 1.00 mg/L. 

I Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

I 
I 
I 
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I 
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1. 

2. 

Standnrd Cadmium Solution (10.0 mg/L Cadmium): Pipet 1 mL of the 
1000 ppm stock cadmium solution into a 100 ml volumetric flask, 
add 1/2 mL HN03 and dilute to the mark with Milli-Q water. 

Standards (Prepare fresh every month.): 

Con centra ti on Volume of Dilute 
of Standard Cadmium Standard to 

0.10 mq/L 1 ml of 10.0 mg/L Cd 100 ml 
0.20 mg/L 2 ml of 10.0 mg/L Cri 100 mL 
0.50 mg/L 5 IT'L of 10.0 mg/L Cd 100 ml 
1. 00 mg/L 10 ml of 10.0 mq/L Cd 100 ml 

CdFlC-1 · 
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No_te.s.: ______________________ ------------------~---

1. Samples must be diluted to obtain concentrations within the optimu~ 
concentration range. 

2. 

3. 

4. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

This flame procedure can be used for digested samples, EP Toxicity 
samples, or any other samples where low detection limits are not 
required, EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If cadmium is to be run in the concentration mode, use the 0.50 
and 1,00 standards and follow the procedure for analyzing in 
concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blnnk. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performerl 
before continuing (check wavelength, flame head alignment, lamp 
a 1 i gnment, etc.}. 

2. 

3. 

A quality control calibration standard of 0.10 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates nre to be within 
acceptable ranges or the use of dilution or rn:>thod of standard 
additions is to be applied to reduce the interferences. 

CdFlC-2 
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I 1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph or 

I 2. Ca 1 cu late using linear regression or 

3. Calculate using the concentration mode. 
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--------·------- ------&ADM-I-UM---

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 213.2 

"Analytical Methods for Furnace Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

"Techniques in Graphite Furnace Atomic Absorption Spectrophotometry", 
1985, Perkin-Elmer Corporation 

Contract l-Jboratory Program, "Statement of Work", July, 1985 

Detection limit: 0.0002 mg/l 

Optimum Concentration Range: 0.0002 - 0.0020 mg/L 

Sample Handling: Acidify with nitric acid to pH< 2. All samples must be 
digested prior to analysis (refer to appropriate digestion 
procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Cadmium hollow cathode lamp with lamp energy set at 4. 

2. 

3. 

4. 

5. 

Wavelength: 228.8 nm 

Slit Width: 0. 7 Alternate 

Mode: Peak area 

HGA Furnace Programming: 

Step 1: 
Step 2: 
Step 3: 

120 
250 

2100 

(dry temp) 
(char temp) 
(a tom temp) 

10 
10 

2 

(ramp time) 20 
(ramp time) 20 
( ramp time) 3 

( ho 1 d time) 
( ho 1 d time) 
(hold time) 

* Also press the read, record and stop flow buttons; enter t = 5 sec 

Step 4: 2700 (max temp) 1 (ramp time) 5 ---=-- ( ho 1 d time) 

Press record button. 

6. Sample Volume: 20 ul 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, ug/l 

8. Pyrolytic tubes must be used. 

CdFuC-1 
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1. 

2. 

3. 

Notes: 

Standard Cadmium Solution (1000 ug/L Cadmium): Pipet 1.00 ml of 
the 1000 ppm stock cadmium solution into a 1000 ml volumetric 
flask, add 1/2 ml HN03, ~nd dilute to the mark with Milli-Q water. 
Prepare fresh every month. 

Working Cadmium Solution (100 ug/1 Cadmium): Pipet 10 ml of the 
1000 ug/1 cadmium into a 100 ml volumetric flask and dilute to 
the mark with Milli-Q water. Prepare fresh every month. 

Standards (Prepare fresh every week.): 

Concentration Volume of Dilute 
of Standard Cadmium Standard to 

0.00 ug/L 0 ml of 100 ug/L Cd 100 ml 
0.50 ug/L 0.5 ml of 100 ug/L Cd 100 ml 
1. 00 ug/L 1 ml of 100 ug/L Cd 100 ml 
2.00 ug/L 2 ml of 100 ug/L Cd 100 ml 

'1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the Siime acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. The cadmium flame procedure is recommended where concentrations 
of greater than 0.10 mg/L are expected. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace - Direct Injection section of this manual. 

Use of peak area is required. 

If cadmium is to be analyzed in concentration mode, use the 1.00 
and 2.00 ug/L cadmium standards and follow the procedures for 
analyzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

CdFuC-2 
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I last acceptable calibration standard are to be reanalyzed. Record 
the calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 
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3. 

4. 

A digested duplicate and spike a minimum of 1 out of 10 samples. 
If less than 10 samples are analyzed, a digested duplicate and 
spike are still required. Duplicates are to be averaged. Spike 
samples with a standard of twice the concentration of the sample 
in a 1:1 ratio of sample to standards. Spike recoveries and duplicates 
are to he within acceptable ranges or· the use of dilution, or 
method of standard additions is to be applied to reduce the 
interferences. 

For every sample analyzed, an analytical spike (at the bench) 
must be run to verify that standard additions are not required. 
Criteria for standard additions is: 

a. If the spike recovery is within 85 - 115%, standard additions 
are not required. 

b. If the spike recovery is outside 85 - 115%, standard additions 
are required. 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. peak area on graph. Determine unknowns 
using graph, or 

2. 

3. 

Calculate using linear regression, or 

Calculate using concentration mode. 

Revision Dates 

~ ~ crl~ilt; ctl~5fr:;; 
Michael J. Linskens 
Laboratory Manager 

.\\ \J'Lf'\ ~ ;.. ''-' '\\.L"-

K i m 0 . F i nne r 
~njlytical Laboratory QA Officer 

~~-~ 
Lawrence D. Andersen 
Vice President, Technical Services 
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CALCIUM 

Method: AA - Flame; Direct Aspiration 

ReferencP: EPA 1983, Method 215.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.05 mg/L 

Optimum Concentration Ranqe: 0.05 - 25.0 mg/L 

Sampling Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filterPd groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. The Ca-Mg combination hollow c~thode lamp is used. 
energy to 25. 

2. Wavelength: 422.7 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. 0 xi da n t: A i r 

6. Type of flame: Oxidizing, lean, blue 

Set lamp 

7. Standards to use for curve set-up: 2.00, 5.00, 10.00, 25.0 rr.g/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Calcium Solution (100 mg/L Calcium): Pipet 10 ml of the 
1000 ppm stock calcium solution into a 100 ml volumetric flask, 
add 1/2 mL HN03, and dilute to the mark with Milli-Q water. 

2. S ta nda rds (Prepare fresh every 2 months.): 

Concentration Volume of D i 1 u te 
of S ta nda rd Cplcium Stnndnrd to 

2.00 mg/L 2 ml of 100 mg/L Ca 100 ml 
5.00 rng/l 5 ml of 100 mg/L Ca 100 ml 
10.0 rng/L 10 ml of 100 mg/l Ca 100 ml 
25.0 mg/L 25 ml of 100 mg/l Ca 100 ml 

ca2-1 
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3. Lanthanum Chloride Solution: In a 500 ml volumetric flask, dissolve 
29g of La203 slowly ~nd in small portions, in 250 ml cone. HCL 
(CAUTION: Reaction is violent!) and dilute to 500 ml with Milli-Q 
water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prep~red in the same acid concentrations as the 
samples being analyzed. 

3. Silicon, alu~i~um, phosphate and sulfate depress the signal for 
Ctilcium. Lanthanutr, chloride is added as a ~mtrix modifier to 
control these interferences. 

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectro
metry, Flame- Direct Aspiration section of this manual but mnke the 
following changes: 

1. Turn the burner head counter clockwise as far as it will 
go (approximately a 45° angle). 

2. Lanthanum chloride solution is added as a matrix modifier 
to the samples and standards in a ratio of 1.0 ml lanthanum 
chloridE> solution to 10 ml samples, blanks r~nd standards. 

3. If calcium is to be run in the concentration mode, use the 
5.00 and 25.0 standards and follow the procedure for analyzing 
in concentration mode. 

Qua 1 ity Con tro 1 : 

1. 

2. 

Establish a standard curve with the standards listed above plus n 
blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

A quality control calibration standard of 10.0 mg/l is to be 
analyzed, at a. minimum, aftP.r every 10 samples. If lP.ss than 10 
samples are analyzed,~ calibration standard is still required. 
The last sample analyzed in the run is to be the c~libration standard. 
These standards must he within accertable rnnges or the samples run 
after the last acceptable check st~ndard are to he reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

C<~2-2 
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------ --=---=--:---c--------o 
3. Ouplic'lte and- spile a m1n1mu~ of-routof~1o----samtne-s-.-u-less-than 

10 sampl~s are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

Calculations: 

1. Plot concentration vs absorbance on graph. 
groph, or 

2. Calculate using linear regression. 

3. Calculate using the concentration mode. 

~~ ikl!r 
Michael J. linskens 
Laboratory Manager 

Kim D. Finner ;;::;;pz;z::.c ot~~; tf/ 
Lawrence D. Andersen " 
Vice President, Technical Services 

[ALM-8-7] 
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CHROMIUM 

Method: 8A__--=.__flame;_ Direct AsRiration 

Reference: EPA 1983, Method 218.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.05 mg/L 

Optimum Concentration Range: 0.05 - 5.00 mg/L 

Sample Handling: Acidify with nitric acid to pH< 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Chromium hollow cathode lamp with lamp energy set at 25. 

2. Wavelength: 357.9 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Reducing, rich, yellow 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted. 

1. Standard chromium solution (100 mg/L Chromiumn): Pipet 10 ml of the 
1000 ppm stock chromium solution into a 100 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with DI water. 

[V-600-99A] 
CrF12C-1 
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2. Standards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
--------- ----of-stancta.-rd--chromiumStanda-rd- --- -n,-·-----
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0.50 mg/L 
1.00 mg/L 
2.00 mg/L 
5.00 mg/L 

0.5 ml of 100 mg/L Cr 
1 ml of 100 mg/L Cr 
2 ml of 100 mg/L Cr 
5 ml of 100 mg/L Cr 

100 ml 
100 ml 
100 ml 
100 ml 

3. Ammonium bifluoride (10%): Dissolve lOg of ammonium bifluoride and 2g 
of sodium sulfate in DI water. Dilute to 100 ml. 

Notes: --

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. A solution of ammonium bifluoride and sodium sulfate is added as a 
matrix modifier to control interferences from iron, nickel and other 
metals. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not requi$d. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

Add 1 ml of ammonium bifluoride solution to 10 ml of samples, 
blanks, and standards. 

If chromium is to be run in the concentration mode, use the 2.00 
and 5.00 standards and follow the procedure for analyzing in the 
concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

[V-600-99A] 
CrF12C-2 



I 
I -----

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2. A quality control calibration standard of 2.00 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 

-~a=n.alyzed, a calibration standard is still required. The last samp'---'-1-=-e ____ _ 
analyzedTn-the run is to oe-ffiecalTbration standard. These 
standards must be within the acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. Record 
the calibration standards in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard;of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied 
to reduce the interferences. 

Calculations: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

[V-600-99A] 
CrF12C-3 
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CHROMIUM 
----- ---·-----

-------~~--------------------------~----

MPthod: AA- .Furnace; Direct Injpction 

Reference: EPA 1983, Method 218.2 

"Analyticol Methods for Furnace Atomic Absorption Spectrophotometry", 
1982, Perkin-ElmPi Corporation 

"Techniques in Graphite Furnace Atomic Absorption Spectrophotometry", 
1985, Perkin-~l~er-C~~pora~ion 

. 
Con tract La bora tory Program, "Statement of Work", July, 1985 

Detection Limit: 0.0002 mg/L 

Optimum Concentration Range: 0.0002 - 0.010 mg/L 

, .. 
Sample Handling:. A~idify ~ith nitric acid to pH< 2. Drinking waters and 

filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, ll?achates, 
solids, etc. must be digested prior to analysis (refer to 

.. appropriate digPstion procedures). Analyze within 6 months . 

• 0 

Instrument Conditions: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Chromium hollow c~thode lamp with lamn energy set at 25. ,, 

Wavelength: 357.9 n~ 

Sl'it v!idth: 0.7 Alternate 

Mode: Peak h~>ight 

HGA Furnace Progra~ming: 

Step 1: 
Step 2: 
Step 3: 

130 
1000 
2300 

(dry temp) 
(char temp) 
( ii tom temp) 

15 
Io 

0 

(ramr time) 
(ramp time) 
(ramp time) 

15 
15 

3 

(hold time) 
( ho 1 d time) 
(hold time) 

* Also press the read, record and stop flow buttons; enter t = 3 sec· 

Step 4: 2300 (max temp) 0 (ramp time) 3 ( ho 1 d time) 

Press the record button. 

Sample Volume: 20 ul 

Stan<1ards to u·se for curve set-up: 1.00, 5.00, 10.0 ua/L. 

CrFuC-1 
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Reagent Prepa ration: 

1. 

2. 

3. 

4. 

5. 

6. 

~Jote s: 

1. 

2. 

3. 

4. 

Stan da r d C h rom i urn-S~ 1-u t-i o_n_(_1_0-00_u_g_/_L_C.~h-r~om-l:-. u-m'):-:--;:;.P--;-i p-e-t~1-."0"0-m'L_o_,f~-
the 1000 ppm stock Chromium solution into a 1000 ml volumetric flask, 
add 1/2 ml HN03, and dilute to the mark with Milli-0 water. Prepare 
fresh evPry month. 

/L Chromium): Pipet 10 ml of the 
~~--~~~--~--~~~~~~~vo~u~me~.t~r~l~C~k~flask and dilute to 

Prepare fresh every month. 

St'lndnrds (Prepare frpsh every week.): 

Concentration 
of Standard 

1.00 ug/l 
5.00 ug/l 
10.0 uq/L 

Volume of 
Chromium Standard 

1.0 ml of 100 ug/l 
5.0 ml of 100 ug/l 

10.0 ml of 100 ug/l 

Di 1 u te 
to 

Cr 100 ml 
Cr 100 ml 
Cr 100 ml 

Calcium Nitrate: 11.8g Ca(N03)z, dilute to 100 ml a volumPtric flask. 

Hydrogen Peroxide: 30% HzOz, ourchased. 

Mixed Ca(N03) + HzOz Solution: 10 ml Ca(N03)2 ml in a volumetric 
flask solution + 10 ml HzOz, dilute to 100 ml. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

low concentrations of calcium may cause interferences, yet at 
concentrations above 200 mg/l calcium, the effect is constant. To 
ensure a constant effect, calcium is added as a m'ltrix modifier. 

30% hydrogen neroxide is a~ded (1 ml of 30% HzOz to 100 ml sample 
and stnndards) to convert all chromium to the trivalent state. 

5. Be careful when reporting units! 

ProcedurP: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace -Direct Injection section of this manual. 

To 10 ml of samples, stand~rds, and blanks add 1 ml of the Ca(N0 3) + 
HzOz solution. 

If chromium is to be analyzed in concentration mode, use the 
5.00 and 10.0 ug/l chromium standards and follows the procedure 
for analyzing in the concentration mode. 

CrFuC-2 
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1. Establish a standard curve with the standards listed above plus a 
blank. Recorc1 the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc. ). 

2. A quality control calibration standard of 5.0 ug/1 is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the ouality control book. 

3. Digest a duplicate i!nd spike; a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a digested duplicate and spike are 
still required. Duplic-Hes are to be averaged. Spike samples with 
il standard of twice the concentration of the sample in a 1:1 ratio 
of sample to standards. Spike recoveries and duplicate results are 
to be within acceptahle ranges or the use of dilution, or method of 
standard additions is to be applied to reduce the interferences. 

4. For every sample ilnalyzed, an analytical spikP (at the bPnch) must 
be run to verify that standard additions are not required. Criteria 
for standard additions are: 

a. If the spike recovery is within 85-115%, standard additions 
ore not required. 

b. If the spike recovery is outside 85 - 115%, standard additions 
are required. 

5. A~ EPA reference Si!rnple will be analyzed with each analysis. 

CrFuC-3 
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1. P 1 ot concen tra ti ons vs. absorba nee (or peak hei ght)()O-grapn.---
Determine unknowns using graph, or 

2. 

3. 

Calculate using linear regression, or 

C~lculate using the concentration mode. 

~~6/o 
Michael J. Linskens 
Laboratory Manager 

Ana~tical L~atory QA/QC Officer 

~~;dff/ 
Lawrence D. Andersen 
Vice President, Technical Services 

CrFuC-4 
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COBALT 
-----~-~-----~--------

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 219.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

I Detection Limit: 0.05 mg/L 
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Optimum Concentration Ranqe: 0.05 - 5.00 mg/L 

Sample Handlinq: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Cobalt hollow cathode lamp with lamp energy set at 7. 

2. 

3. 

4. 

5. 

Wavelength: 240.7 nm 

Slit Width: 0.2 ~Jormal 

Fuel: Acetylene 

Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Stand~rd Cobalt Solution (10.0 mg/L Cobalt): Pipet 1.0 ml of the 
1000 ppm stock cobalt solution into a 100 mL volumetric flask,add 
1/2 ml HN03 and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Con centra ti on Volume of 0 i 1 u te 
of Standard Coba 1t S ta nda rd to 

0.50 mg/L 5 ml of 10.0 mg/L Co 100 ml 
1.00 mg/L 10 ml of 10.0 mg/L Co 100 ml 
2.00 mg/L 20 ml of 10.0 mg/L Co 100 ml 
5.00 mg/L so ml of 10.0 mg/L Co 100 ml 

CoFlC-1 
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-~-Notes-:------------------

1 1. 

I 2. 

I 3. 

4. 

I 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

This flame procedur~ can be used for digested samples, EP Toxicity 
samples or any other samples where high concentrations of cobalt 
(concentrations greater than 0.50 mg/L) are expected and low detecti~n 
limits are not required. 

I Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

I 
I Qua 1 i ty 

1. 

I 
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2. 

I 
I 
I 3. 
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If cobalt is to he analyzed in concentration mode, use the 2.00 
and 5.00 standards and follow the procedure for analyzing in the 
concentration mode. 

Control: 

Establish a standard curve with the standards listed above plus 
a blank. R(lcord the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
aliqnment, etc.). 

A quality control calibration standard of 1.00 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
S"lmples i'lre analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within acceptable ranges or the samples run 
after the: last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranqes or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

f.oFlC-2 
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1. 

2. 

3. 

Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

Calculate using linear regression, or 

Calculate using concentration mode. 

I [ALM-8-14] 

CoFlC-3 
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COPPER 

Metho~: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 220.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.02 mg/L 

Optimum Concentration Range: 0.02 - 5.00 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater frpe of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate dioestions procedures). Analyze within 6 months. 

Instrument Conditions: 

1. The Copper hollow cathode lamp is used. Set lamp energy to 18. 

2. 

3. 

4. 

5. 

6. 

7. 

Wavelength: 324.7 nm 

Slit Width: 0.7 Normal 

Fuel: Acetylene 

Oxidant: Air 

Type of flame: Oxidizing, lean, blue 

Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mq/L. 

Reagent Preparation: (Prepare fresh every 6 ~onths unless otherwise noted.) 

1. Standard Copper Solution (100 mq/L Copper): Pip~t 10 ml of the 
1000 pom stock copper solution into a 100 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with Milli-Q water. 

2. S ta nda rds (Prepare fresh every month.): 

Concentration Volume of D i 1 u te 
of Standard Cooper S ta nda rrl to 

0.50 mg/L 0.5 mL of 100 mg/L Cu 100 ml 
1.00 mg/L 1 ml of 100 wg/L Cu 100 ml 
2.00 mg/L 2 ml of 100 mg/L CIJ 100 mL 
5.00 mg/L 5 ml of 100 mg/L Cu 100 ml 

CuC-1 
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Notes: 
------------- --------

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples beinq analyzed. 

3. The use of background correction is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If copper is to be run in the concentration mode, use the 2.00, 
and 5.00 mg/L conper standards and follow the procedure for 
analyzing in the concentration mode. 

Qua 1 i ty Con tro 1 : 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorhance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 1.00 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standarrl 
additions is to be applied to reduce the interferences. 

Calculations: 

1. 

2. 

Plot concentration vs absorbance on graph. Determine unknowns using 
graoh, or 

Calculate using linear regression, or 

CuC-2 
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IRON 

Method: AA - Flnme; Direct Aspiration 
----------- --------------------------------
Reference: EPA 1983, Method 236.1 

"Ana 1 yti ca 1 Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

I Detection Limit: 0.05 mg/L 

I 
I 
I 
I 
I 
I 
I 

Optimum Concentration Range: 0.05 - 5.00 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters 
and fi 1 tered groundwater free of pa rti cula te rna tter 
and organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to analysis 
(refer to aporopriate diqestion procedures). Analyze 
within 6 months. 

Instrument Conditions: 

1. 

2. 

3. 

4. 

5. 

6. 

The Iron hollow cathode lamp is used. Set lamn energy to 18. 

Wavelength: 248.3 nm 

S 1 i t Width: 0. 2 Norma 1 

Fue 1: Acetylene 

Oxidant: Air 

Type of flame: Oxidizing, lean, blue_ 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

I Reagent Preparntion: (Prepare fresh every 6 months unless otherwise noted.) 

I 
I 
I 
I 
I 
I 
I 

1. 

2. 

Standard Iron Solution (100 mg/L Iron): Pipet 10 mls of the 1000 
ppm stock iron solution into a 100 ml volumetric flask, add 1/2mL 
HN03, and dilute to the mark with Milli-Q Wnter. 

Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard Iron Standard to 

0.50 mg/L 1/2 ml of 100 mg/L Fe 100 ml 
1.00 mg/L 1 ml of 100 mg/l Fe 100 ml 
2.00 mg/L 2 ml of 100 mg/L Fe 100 ml 
5.00 mg/L 5 ml of 100 mg/L Fe 100 ml 
10.0 mg/L 10 rnL of 100 mg/L Fe 100 ml 
25.0 mg/L 25 ml of 100 mg/L Fe 100 ml 
50,0 mg/L 50 ml of 100 mg/L Fe 100 ml 
75.0 mg/L 75 ml of 100 mg/L Fe 100 ml 

FeC-1 
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Notes: 

1. 

2. 

3. 

4. 

5. 

Procedure: 

Be verv careful when scaling in wavelength, A nearby one exists. 

Samples must be diluted to obtain concentrations within the optimum 

concentration range. 

Standards are to be prepared in the same acid concentrations as 

the samples being analyzed. 

The use of backqround correction is required. 

An alternate wavelength of 373.7 nm can be used for high iron 

concentrations (concentrations greater than 5.00 mg/L). The optimum 

concentration range at this wavelength is 1.00 - 100 mg/L iron. 

Standards to use are: 1.00, 10.0, 25.0, 50.0 mg/L. The quality 

control calibration standard is the 10.0 mg/L iron standard. All 

other instrument conditions remain the same as those at the 248.3 

nm wave length. 

For the analysis procedure, refer to the Atomic Absorption 

Spectrometry, Flame - Direct Aspiration section of this ~nual. 

If iron is to be run in the concentration mode, use the 2.00 and 

5.00 mg/L iron standards (use the 25.0 and 75.0 mg/L iron standards 

if using the 373.7 nm wavelength) and follow the procedure for 

analyzing in the concentration mode. 

I Qua 1 i ty Con tro 1: 

I 
I 
I 
I 
I 
I 
I 
I 

1. 

2. 

3. 

Establish a standard curve with the standards listed above plus 

a blanl<. Record the absorbance check standard in the absorbance 

check book. The absorbances should remain consistent from run 

to run. If not, necessary troubleshooting must be performed 

before continuing (check wavelength, flame head alignment, lamp 

alianment, etc.). - ·. 

A quality control CAlibration standard of O.SO mg/L is to be 

analyzed, at a minimum, after every 10 samples. If less than 10 

samples are analyzed, a calibration standard is still required. 

The l~st sample analyzed in the run is to be the calibration standard. 

These standards must be within acceptable ranges or the sa~ples 

run flfter the last acceptable check standard are to be reanalyzed. 

Record the calibration standards in the quality control book. The 

confidence limits are noted in the quality control hook. 

Duplicate and spike a minimum of 1 out of 10 si'lmples. If less than 

10 samples are analyzed, a duplicate and spikE> are still req11ired. 

Duplicates are to be averaged. Spike samples with a standard of 

twice the concentration of the sample in a 1:1 ratio of sample to 

standard. Spike recoveries and duplicates are to be within acceptable 

r~nges or the use of dilution or method of standard additions is 

to be applied to reduce the interferences. 

FeC-2 
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1. 

2. 

3. 

Plot concentration vs absorbance on graph. 
graph, or 

Calculate using linear regression, or 

Calculate using the concentr~tion mode. 

[AU~-8-3] 

FeC-3 

Determine unknowns using 
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I LEAD ------ ---- ------------------------------------------------

11 Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 239.1 

I "Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

I Detection Limit: 0.10 mg/L 

I 
I 
I 
I 
I 

I 
I 
I 
I 

I 

Optimum Concentration Range: 0.10 - 10.0 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Orinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be diqested prior to analysis (refer to 
appropriate digestion procedure). Analyze within 6 months. 

Instrument Conditions: 

1. Lead electrodeless dishcarge lamr. with lamp energy set at 10. 

2. Wavelength: 283.3 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5 • 0 xi da n t : A i r 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/L. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Standard :Lead Solution (100 mg/L Lead): Pinet 10 mL of the 1000 ppm 
stock lead solution into a 100 mL volumetric flask, add 1/2 mL HN03, 
and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Con centra ti on Volume of Oil u te 
of Standard Lead Standard to 

1.00 mg/L 1 mL of 100 mg/L Pb 100 mL 
2.00 mg/L 2 mL of 100 mg/L Pb 100 mL 
5.00 mg/L 5 mL of 100 mg/L Pb 100 mL 
10.0 mg/L 10 mL of 100 mg/L Pb 100 mL 

PbFlC-1 
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1. Samples must be dilutE>d to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. This flame procedure can he used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section-of this manual. 

If le3d is to he analyzed by the concentration mode, use the 
5.00 and 10.00 mg/L lead standards and follow the procedure for 
analyzing in the concentration mode. 

Qua 1 i ty Control: 

1. 

2. 

3. 

Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standnrd in the absorbance 
check book. The absorbances should remnin consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignrn=nt, Pte.). 

A quality control calibration standard of 5.00 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within acceptable ranges or the samples run after 
the l~st acceptable check standard are to he reanalyzed. Record 
the calibration standards in the quality control book. The confidence 
limits are noted in the quality control book. 

Duplicate and spike a minimum of 1 but of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates must be within acceptable 
ranges or thP use of dilution or mP.thod of standard 
additions is to be applied to reduce the interferences. 

PbFlC-2 
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I 1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph or 
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2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

I [ALM-8-9] PbFlC-3 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-----CEAD 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 239.2 

"Analytical Methods for Furnace Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporotion 

"Techniques in Graphite Furnace Atomic Absorption Spectrophotometry", 
1985, Perkin-Elmer Corporation 

Contract L'l bora tory Program, "Statement of Work", Jul v 1985 

Detection Limit: 0.003 mg/L 

Optimum Concentration Range: 0.003 - 0.050 mg/L 

Sample Handling: Acidify with nitric nCid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while waste1.,raters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Lead electrodeless discharge lamp with lamp energy set at 10. 

2. Wavelength: 283.3 nm 

3. Slit Width 0.7 Alternate 

4. 

s. 

6. 

7. 

Mode: PeHk ~eight 

HGA Furnace Programming: 

Step 1: 
Step 2: 
Step 3: 

130 
500 

2400 

(dry temo) 
(char temp) 
(a tom terPD) 

10 
Is 
2 

(ramp time) 
(ramp time) 
(ramp time) 

20 
10 

2 

(hold time) 
( l"lo 1 d time ) 
(hold time) 

*Also press the read, record and stop flow buttons; 
enter t ~ 4 sec. 

Step 4: 2400 (rna x temp) 2 (ramp time) 2 ( ho 1 d time) 

Press record button. 

Sample Vglume: 20 ul 

Stnndards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/L. 

P bFuC-1 
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3. 

1. 

2. 

------ ----~~~ 

~-----------------------

Standard Lead Solution (1000 uq/L Lead): Pipet 1.00 mL of the 1000 
ppm stock lPad solution into a 1000 mL volumetric flask, add 1/2 mL 
HN03, and dilute to the mark with Milli-Q water. Prepare fresh 
every month. 

Standards (Prepare fresh every week.): 

Con centra ti on Volume of Dilute 
of Standard LPa d S ta nda rd to 

5.0 ug/L 1/2 mL of 1000 ug/L Pb 100 ml 
10.0 ug/L 1 ml of 1000 ug/L Pb 100 ml 
20.0 ug/L 2 mL of 1000 ug/L Pb 100 ml 
50.0 ug/L 5 ml of 1000 ug/L Pb 100 ml 

Lanthanum Nitrate Solution: Dissolve 58.64g of La203 in 100 mL 
concentrated nitric acid and dilute to 1000 ml with Milli-Q water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration ranae. 

2. Standards are to be prepared in the same ncid concentrations as 
the samples being analyzed. 

3. The use of background correction is required. 

4. Sulfate is a negative interference for lead. Lanthanum nitrate 
solution is added as a matrix modifier in a 1:10 ratio of lanthanum 
nitrate to sample and stand~rds prior to analysis. 

s.· Be careful when reporting units! 

Procedure~ For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnilce -Direct Injection section of this manual. 

To 10 mL samples, blanks and stand~rds, add 1 ml of La(N03)2 solution. 

If lead is to be analyzed in concentration mode, use the 20.0 and 
50.0 ug/L lead standard nnd follow the procedure for analyzing in 
the concentration mode. 

Oun 1 i ty Contra 1: 

1. Establish a standard curve with the standnrds listed above plus a 
blank. Record the absorbance chPck standard in the ilbsorb;Jnce check 
book. The absorbances should remain consistent from run to run. If 
not, nPcessary troubleshooting must be performed bPfore continuing 
(check wavelength, furnace alignwent, lamp alignment, graphite tube, 
etc.)~ 

PbFuC-2 
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2. A qua 1 i ty con t ro ,--caTiorTtTorfsTanaa r-d-M-20--;0-ugj-1-i-s-to-be-a na-lyzed-, --
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Digest a duplicate and spike; a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a diqested duplicate and spike are 
still required. Duplicates are to be averaged. Spike samples with 
a standard of twice the concentration of the sample in a 1:1 ratio 
of sample to standards. Spike recoveries and duplicate results are 
to be within acceptahle ranges or the use of dilution, or method of 
standard additions is to be applied to reduce the interferences. 

4. For every sample analyzed, an analytical spike (at the bench) rrust 
be run to verify that standard additions are not required. Criteria 
for standard ~dditions are: 

a. If the spike recovery is within 85-115%, standard additions 
are not required. 

b. If the spike recovery is outside 85 - l15%, standnrd additions 
are required. 

5. An EPA reference sample will be analyzed with each analysis. 

Ca 1 cula ti ons: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using grarh, or 

2. Calculate using linear regression, or 

3. Calculote using the concentration mode. 

~~1/r/ty 
Michael J. Linskens 
Laboratory Manaqer 

\<~ ~~ \\\.,\)<'}; 
Kim D. Finner ' ' 
Analytical Laboratory QA/QC Officer 

~ L,L_- I /64tt 
Lawrence D. Andersen 
Vice President, Technical Services 
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MAGNESIUM -------------

Method: AA - Flame; Dir~ct Aspirntion 

Reference: EPA 1983, Method 242.1 

"Analytical f~ethods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.05 mg/L 

Optimum Concentration Range: 0.05 - 10.0 mg/L 

Snmple Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedure). Analyze within 
6 months. 

Instrument Conditions: 

1. The Ca-Mg combination hollow cathode lamp is used. Set lamp 
energy to 25. 

2. Wavelength: 285.2 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5 • 0 xi da n t: A i r 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/L. 

Reaqent Preraration: Prepare fresh every 6 months unless otherwise noted. 

1. nesium Solution (100m nesium): Pipet 10 ml 
of the ppm stock magnes1um so ution 1nto a 100 ml volumetric 
flask, add 1/2 mL HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Stnndard Magnesium Stand<~rd to 

1.0 IT'g/L 1 ml of 100 mg/L Mg 100 ml 
2.0 mg/L 2 ml of 100 mg/L Mg 100 ml 
5.0 mg/L 5 ml of 100 mg/L Mg 100 ml 

10.0 rng/L 10 ml of 100 mg/L Mg 100 ml 

f~gC-1 
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1 29 g La203, in small portions, in 250 ml of concentratP.d HCL (CAUTION-
Reaction is violent!), and dilute to mark with r~illi-Q water. 
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
conce~tration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. Silicon and aluminium depress the signal for magnesium. Lanthanum 
chloride is added as a matrix modifier to control these interferences. 

5. Sodium, POtassium and Calcium can interfere if above concentrations 
of 400 mg/L. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual 
but make the following changes: 

1. Turn the burner head counter clockwise as far as it 
will go (approximately a 45° angle). 

2. Lanthanum chloride solution is added as a matrix modifier 
to the samples, standards, and blanks, in a ratio of 1 mL 
Lanthanum chloride solutioP to 10 mL sam~le or standard. 

3. If magnesium is to be analyzed in concentration mode, use 
the 5.0 and 10.0 standards and follow the procedure for 
analyzing in the concentration mode. 

I Quality Control: 

I 
I 
I 
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I 
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1. 

2. 

Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must he performed 
before continuing (check wavelength, flame head alignment, lamp 
alignrrent, etc.). 

A quality control calibration standard of 5.0 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 · 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standard in the quality control book. The 
confidence limits are noted in the quality control hook. 

MqC-2 
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10 samples are analyzed, a duplicate and spike are still .required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

Ca 1 cula ti ons: 

1. 

2. 

3. 

[ALM-8-6] 

Plot concentration vs absorbance on graph. 
graph, or 

Calculate using linear regression. 

Calculate using concentration mode. 

MgC-3 

Determine unknowns using 
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I MANGANESE ----------------------

11 Method: AA - Flame; Direct Aspiration 

Reference: 

I 
EPA 1983, Method 243.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
19,82, Perkin-Elmer Corporation 

I Detection Limit: 0.02 mg/L 

I 
I 
I 
II 

II 

II 
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Optimum Concentration Range: 0.02 - 2.50 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate diqestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. The r-1anganese hollow cathode lamp is used. Set lamp energy to 18. 

2. Wavelength: 279.5 nm 

3. Slit Width: 0.2 Normal 

4. Fue 1: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.25, 0.50, 1.00, 2.50 mg/L. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Standard Manganese Solution (100 mg/L ~anganese): PipPt 10 mL of 
the 1000 ppm stock manganese solution into a 100 ml volumetric 
flask, add 1/2 mL HN03 and dilute to the mark with Milli-Q water. 

2. Standards .(Prepare fresh every month.): 

Concen tra ti on Volume of Oil ute 
of Standard Manganese Standard to 

0.25 mg/L 1/2 ml of 1.00 mg/L Mn 100 ml 
0.50 mg/L 1 ml of 50 mg/L Mn 100 ml 
1.00 mg/L 2 ml of SO mg/L Mn 100 ml 
2.50 mg/L 5 ml of SO mg/L Mn 100 ml 

MnC-1 
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Notes: 

1 • 

2. 

3. 

Procedure: 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed .. 

The use of background correction is required. 

For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If rnanqanese is to be run in the concentration mode, use the 
1.00, and 2.50 mg/L manganese standards and follow the 
procedure for analyzing in the concentration mnde. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary trouh leshooti ng must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignmont, etc.). 

2. A quality control calibration standard of 0.50 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less tllan 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in a run is to be the calibration standard. 
These standards must be l'lithin acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be avPraged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate results are to be within 
acceptable ranges or the use of dilution or method of standard 
additions is to be applied to reduce thP interferences. 

Ca 1 cula ti ons: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

MnC-2 
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[ALM-8-5] 
MnC-3 
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I_ TOTAL MERCURY 

-- ------ -------~----L-i-qu-id-Samples __ 

I Scope and Application: This method is applicable to drinking, surface, 
groundwater, domestic, and industrial wastewaters. 

I Method: Manual Cold Vapor 

Reference: EPA 1983, Method 245.1 

I 
I 

Detection Limits: 0.0002 mg/L (in 100 ml sample) 

Optimum Range: 0.0002-0.010 mg/L 

Sample Handling: Preserve with concentrated HN03 to pH <2. 
days of sampling. 

Analyze within 28 

I Reagents and Apparatus: 

I 
I 
I 

I 
I 
1-
I 
I 
I 
I 

1. Mercury cold-vapor Analyzer System 
2. Water bath set @ 95*C 
3. BOD bottles; 300 mL 
4. Class A volumetric glassware 
5. Instra-Analyzed sulfuric acid 
6. Instra-analyzed nitric acid 
7. Potassium persulfate 
8. Potassium permanganate 
9. Sodium chloride 

10. Hydroxylamine hydrochloride solution 
11. Stannous chloride 
12. Various Class A volumetric pipettes 
13. Mercury lamp 
14. Mercury stock and standard solutions 
15. Drierite 
16. Activated charcoal 
17. Glasswool 
18. Tygon tubing 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Sulfuric acid (0.5 N): Pipet 14.0 ml of cone. H2S03 to 500 ml 0.1. 
water in a 1 liter volumetric flask, dilute to the mark. PREPARE IN 
THE HOOD! 

2. Stannous chloride (10% w/v): Add 100.0 g stannous chloride to 1 liter 
of 0.5 N sulfuric acid. 

[C-600-82] 
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3. Sodium chloride-hydrdoxylamine hydrochloride solution: Dissolve 
------ 120.0 g of sod ium-chlori-de-and-1-20-;-0-g-of-hydroxy-l-ami-ne-hydroch-lor-i de---~---

in D.I. water, dilute to 1 liter. 

4. 

5. 

6. 

7. 

Notes: 

g of 

Potassium persulfate {5% solution, w/v~: Dissolve 50.0 g of potassium 
persulfate in D.I. water, dilute to 1 iter. 

Intermediate mercury standard {10.0 mq/L): Transfer 1.0 ml stock 
mercury {1000 mg/L) solution, plus 1/2 ml nitric acid, into a 100 ml 
volumetric flask and dilute to the mark with D.l. water. Prepare fresh 
daily! 

Working mercury standard {0.100 mq/L): Transfer 1.0 ml of the 
10.0 mg/L intermediate standard, plus 1/2 ml nitric acid, into a 100 ml 
volumetric flask and dilute to the mark with D.I. water. Prepare fresh 
daily! 

1. The mercury standards are volatile and unstable. Standards must be 
prepared daily. 

2. Because of the toxic nature of mercury vapor, precaution must be taken 
to avoid inhalation. Vent the mercury vapor into an exhaust hood or 
pass the vapor through an absorbing media. 

3. A 10% solution of stannous sulfate may be substituted for stannous 
chloride. 

4. Hydroxylamine sulfate may be used rather than hydroxylamine 
hydrochloride. . 

5. Standard additions must be used for all EP extracts and delisting 
p~titions. 

6. The calibration check standard is a 0.005 mg/L standard. 

7. Interferences: 

a. Potassium permanganate is added to eliminate interferences from 
sulfide. Concentrations as high as 20 mg/L sulfide as sodium 
sulfide do not interfere. 

b. Copper has also been reported to interfere; however, copper 
concentrations as high as 10 mg/L have no effect on recovery of 
mercury from spiked samples. 

[C-600-82] 
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1 
oxidation step, chlorides are converted to free chlorine which also 
absorbs at the same wavelength as mercury. Care must be taken to 
ensure that free chlorine is absent before the mercury is reduced 
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and swept tnto the cell. this may be accomplished by using an 
excess of hydroxylamine chloride reagent. In addition, the dead 
air space in the BOD bottle must be purged before adding the 
stannous sulfate. 

d. Certain volatile organic materials that absorb at this wavelength 
may also cause an interference. A preliminary run without reagents 
should determine if this type of interference is present. 

Instrument Conditions: 

1. Mercury electrodeless discharge lamp with lamp energy set at 6. 

2. Wavelength: 253.6 nm. Background is required. 

3. Slit Width: 0.7 

4. Mode: Peak height 

5. Time = 25 seconds 

6. Standards to use for curve set-up: 2.0, 5.0, 10.0 ug/L. 

Cold Vapor System Set-up: 

Cell Alignment: 

1._ Insert quart cell in burner chamber. (Replace the burner head in the 
burner chamber.) 

2.· Align cell in light path (use 0.5 sect, adjust to the lowest abs. 
reading). 

3. Check drying tube and charcoal tube - replace if necessary (see 
attached page). 

4. Insert aerator into a BOD bottle filled with 100 mls D.I. water. 

5. Turn on pump. Turn on strip recorder. 

6. Let warm-up a few minutes. 

7. Zero machine. 

[C-600-82] 
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All glassware is to be washed with soap and water, rinsed with tap 
water, acid rinsed with 10% HN03, and final rinsed with D.I. water. 

A. Standard Preparation 

1. The standard curve is to consist of the following standards: 

Standard 
Concentration 

0.00 ug/L 
2.00 ug/L 
5.00 ug/L 
10.0 ug/L 

2. Pipet 0, 2.0, 5.0, and 10.0 ml aliquots of 0.10 ug/ml working stock 
mercury solution to 300 ml BOD bottles. 

3. Add D.l. water to bring volume to 100 ml and continue with the 
digestion procedure. 

B. Sample Preparation: 

1. Transfer 100 ml, or an aliquot diluted to 100 ml, to a 300 ml BOD 
bottle. 

To Spike: Pipette 5.0 ml of 0.10 mg/L standard into the sample bottle. 
Proceed as written. 

C. Digestion: 

1. Add 5 ml cone. sulfuric acid and 2.5 ml cone. nitric acid to each 
bottle. Mix by swirling. 

2. Add 15 ml potassium permanganate solution to each bottle, mix by 
swirling. Allow to stand for at least 15 minutes. If the bottle do~s 
not remain purple in color, additional potassium permanganate is 
required. 

3. Add 8 ml of potassium persulfate solution to each bottle and heat for 2 
hours in a water bath maintained at 95 C. Check the bottles 
periodically throughout the 2 hours to insure the samples remain 
purple. Add potassium permanganate if needed. 

I 4. Cool to room temperature. 

I 
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--~--------------- ------------- --------------
1. Add 6 ml of sodium chloride-hydroxylamine hydrochloride solution to 

reduce excess permanganate. If necessary, additional amounts of sodium 
chloride hydroxylamine hydrochloride may be required to discharge the 
purple color. Swirl. 

2. Add 5 ml of stannous chloride solution and immediately insert the 
aerator, making sure that the stopper provides a good seal. 

3. Press the read button. 

4. Record the absorbance value on the bench sheet. 

5. Remove the aerator, rinse aerator, and place it in the D.I. blank 
bottle. 

6. Allow strip recorder to return to baseline. 

7. Repeat for additional samples. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, tubing, lamp alignment, pump, etc.) 

2. A quality control calibration standard of 0.005 mg/L is to be analyzed 
initially, and after every 10 samples. This standard is to be carried 
through the digestion procedure. If less than 10 samples are analyzed, 
a calibration standard is still required. The last sample must be 
within acceptable ranges or the samples run after the last acceptable 
calibration standard are to be reanalyzed. Record the calibration 
standard in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike recoveries and duplicate results 
are to be within acceptable ranges or the use of matrix modifiers, 
dilution, or method of standard additions is to be applied to reduce 
the interferences. 

[C-600-82] 
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1. Average the standard readings, subtract the absorbance of the blank 
standard from all readings. 

2. Calculate using linear regression. 

Calculate the spike recovery as follows: 

% Recovery = uq (spike) - uq (sample) 
0.5 ug 

[C-600-82] 
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---------- NICKEL 

I Method: AA - Flame; D'irect Aspiration 

Reference: 

I 
EPA 1983, Method 249.1 

"Analytical r~ethods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

II Detection Limit: 0.04 mg/L 
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Optimum Concentration Range: 0.04- 5.00 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedure). Analvze within 6 months. 

Instrument Conditions: 

1. Nickel hollow cathode lamp with lamp energy set at 25. 

2. 

3. 

4. 

5. 

Wavelength: n2.0 nm 

Slit Width: 0.2 t.Jormal 

Fuel: Acetylene 

Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Standard Nickel Solution (100 mg/L Nickel): Pipet 10 ml of the 
1000 ppm stock nickel solution into a 100 ml volumetric flask, r~dd 

1/2 rrL HN03, r~nd dilute to the mark with Milli-Q water. 

2. Standards (Prepared fresh every month.): 

Concentration Volume of Dilute 
of Standard Nickel Standard to 

0. 50 mg/L 1/2 ml of 100 mg/L Ni 100 ml 
1.00 mg/L 1 ml of 100 mq/L Ni 100 ml 
2.00 mg/L 2 ml of 100 mg/L Ni 100 ml 
5.00 mg/L 5 ml of 100 mg/L Ni 100 ml 

· N i C-1 
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Notes: 

1. 

2. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as 
the samples being analyzed. 

3. The use of background correction is requiren. 

4. A nearby wavelength is present. Take care in selection of this 
wavelength. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct As pi ration section of this rna nua 1. 

If nickel is to be run in the concentration mode, use the 2.00, 
5.00 mg/l nickel standards and follow the procedure for analyzing 
in the concentration mode. 

Quality Control: 

1. 

2. 

3. 

Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

A aual~ty control calibration standard of 0.50 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within acceptable ranges or the samples run after 
the last accertable check standard are to he reanalyzed. Record 
the calibration standards in the ouality control book. The confidence 
limits are noted in the quality control book. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate results are to be within 
acceptable ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

Calculations: 

1. Plot concentration vs absorbance on graph. 
graph, or 

2. Calculate using linear regression, or 

Determine unknowns using 
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Method: Flame Emission; Direct Aspiration 

RefPrence: "Ana lyti ca 1 Methods for Atomic Absorption Spectrophotometrv", 
1982, Perkin-Elmer Corporation 

Detection limit: 0.10 mg/L 

Optimum Concentration Range: 0.10 - 5.00 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedures). Analyze 
within 6 months. 

Instrument Conditions: 

1. Set signal to emission. (No lamp is required.) 

2. Wavelength: 766.5 nm 

3. Slit Hidth: 0.2 Normal 

4. Fuel: Acetylene 

5 • 0 xi da n t : A i r 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Potassium Solution (100m /L Potassium): Pipet 10 mL of 
the ppm stoc potassium so ution 1nto a 0 ml volumetric 
flask, iH1d 1/2 mL HN03, and dilute to the rmrk with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Vo 1 ume of Di 1 u te 
of Standard Potassium Standard to 

0.50 mg/L 0.5 ml of 100 mg/L 100 mL 
1.00 mg/L 1 ml of 100 mg/L 100 mL 
2.00 mg/L 2 ml of 100 mg/L 100 ml 
5.00 mg/L 5 ml of 100 mg/L 100 mL 

KC-1 
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Notes: 

1. 

2. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame -Direct Aspiration section of this manual. 

If potassium is to be analyzed in concentration mode, use 
the 2.00 and 5.00 standards and follow the procedure for 
analyzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the check standard in the absorbance check book. 
The emission readings should remain consistent from run to run. 
If not, necessary troubleshooting must be performed before 
continuing (check wavelength, flame head alignment, etc.). 

2. A quality control c~libration standard of 1.00 mg/L is to b~ 

analyzed, at a min1mum, after every 10 snmples. If less than 10 

samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within acceptable ranges or the 
samples run after the last acceptable check standard are to be 
reanalyzed. Record the calibration standards in the quality control 
book. The confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to he averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate to be within acceptable 
ranges or the use of dilution or wethod of st~ndard additions is 
to be applied to reduce the interferences. 

Calculations: 

1. Plot concentration vs absorbance on qraph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

KC-2 
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Method: AA- Furnace; Direct Injection 

Reference: EPA 1983, Method 270.2 

"Analytical Methods for Furnace Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

"Techniques in Graphite Furnace Atomic Absorption Spectrophotometry", 
1985, Perkin-Elmer Corporation 

Detection Limit: 0.002 mg/L 

Optimum Concentration Range: 0.002 - 0.050 mg/L 

Instrument Conditions: 

1. Selenium electrodeless discharge lamp with lamp energy set at 6. 

2. 

3. 

4. 

5. 

6. 

Wavelength: 

Slit Width: 

Mode: Peak 

HGA Furnace 

Step 1: 
Step 2: 
Step 3: 

196.0 nm 

0. 7 Alternate 

height 

Programming: 

130 {dry temp) 
850 (char temp) 

2200 (atom temp) 

10 ___ (ramp time) 
10 
0 

(ramp time) 
-....,.-- (ramp time) 

20 (hold time) 
20 (hold time) 

_ __;:3_ (hold time) 

* Also press the read, record and stop flow buttons 

Step 4: 2500 (max temp) 2 (ramp time) 3 (hold time) ---
Press record button. 

Sample Volume: 20 uL 

7. Standards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/L. 

8. Platform is required. 

Sample Handling: Acidify with nitric acid to pH < 2. Analyze within 6 months. 

SeFu1-1C 
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Reagent Preparation: 

1. 

2. 

Standard Selenium Solution (1000 ug/L Selenium): Pipet 1.00 ml 
of the 1000 ppm stock selenium solution into a 1000 ml volumetric 
flask, add 1/2 HN0 3, and dilute to the mark with Milli-Q water. 
Prepare fresh every month. 

Standards (Prepare fresh every week.): 

Concentration Volume of Oil ute 
of Standard Selenium Standard to 

0 ug/L 0 ml of 1000 ug/L Se 100 ml 
5 ug/L 1/2 ml of 1000 ug/L Se 100 ml 

10.0 ug/L 1 ml of 1000 ug/L Se 100 ml 
20.0 ug/L 2 ml of 1000 ug/L Se 100 ml 
50.0 ug/L 5 ml of 1000 ug/L Se 100 ml 

3. Nickel Nitrate 5% Solution: Dissolve 25.0 grms of Nickel nitrate 
to 100 mls of 0.1. water 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards and samples are to be digested prior to analysis. 
(See AsSedig for aqueous samples and SoilDig for non-aqueous 
samples.) 

3. Chloride (> 800 mg/L) and sulfate (> 200 mg/L) interfere with 
this selenium procedure. Nickel nitrate is added as a matrix 
modifier to minimize these interferences. 

4. Background correction is required. 

5. Selenium may also be analyzed by the gaseous hydride.technique. 

6. Platform technique is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

For concentration mode, use the 20.0 and 50.0 standards and 
follow the procedure for analyzing using the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

SeFu1-2C 
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at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less 
than 10 samples are analyzed, a duplicate and spike are still 
required. Duplicates are to be averaged. Spike samples with a 
standard of twice the concentration of the sample in a 1:1 ratio 
of sample to standards. Spike recoveries and duplicates are to be 
within acceptable ranges or the use of matrix modifiers, dilution, 
or method of standard additions is to be applied to reduce the 
interferences. 

4. An EPA reference standard will be analyzed with each analysis. 

Calculations: 

1. 

2. 

3. 

[ALM-8a-5] 

Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

Calculate using linear regression, or 

Calculate using concentration mode. 
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SILVER 

Method: AA - Flame; Direct Asoiration 

Reference: EPA 1983, Method 272.1 

~Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

I Detection Limit: 0.01 mg/L 
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Optimum Concentration Range: 0.01 - 2.00 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedure). Analyze within 6 months. 

Instrument Conditions: 

1. Silver hollow cathode lamp with lamp energy set at 12. 

2. 

3. 

4. 

5. 

Wavelength: 328.1 nm 

Slit Width: 0.7 Normal 

Fuel: Acetylene 

Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00 mg/L. 

Reaaent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Silver Solution (100 mg/L Silver): Pipet 10 mL of the 
1000 ppm stock silver solution into a 100 mL volumetric flask, add 
1/2 rrL HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month. ) : 

Concentration Volume of D i 1 u te 
of Standard Silver Standard to 

0.50 mg/L 0.5 mL of 100 mg/L Ag 100 mL 
l. 00 mg/L 1 ml of 100 mg/L Ag 100 mL 
2.00 mg/L 2 ml of 100 mg/L Ag 100 mL 

AgFlC-1 
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1. 

2. 

3. 

4. 

5. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

Any ~roundwater samples which silver is detected, must be verified 
bv furnace. (D~tection limit is at the WI PAL limit.) 

1 
Procedure: For the analysis procedure, refer to the Atomic Absorption 

Spectrometry, Flame -Direct Aspiration section of this manual. 
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If silver is to he run in the concentation mode, use the 1.00 ~nd 
2.00 mg/L silver standards and follow the procedure for analyzing 
in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in thE' absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. 

3. 

A quality control calibration standard of 0.50 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples .are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to he the calibration standard. 
These standards must be within acceptable ranges or the samples run 
after the l.:~st acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

Ouplicate and spike a minimur.1 of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samoles with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of stand'lrd additions is 
to be applied to reduce the interferences. 

AgFlC-2 
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-------------------------------------
Calculations: 

1. Plot concentration vs absorbance on graph. 
using graoh or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

[ALM-8-11] 
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THALLIUM 

Method: AA- Flame; Direct Aspiration 

Reference: EPA 1983, Method 279.1 

"Ana lyti ca 1 Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.50 mg/L 

Optimum Concentrntion Range: 0.50 - 10.0 mq/L 

I Sample Handlinq: Acidify with nitric acid to pH < 2. Drinking waters 
and filtered groundwater free of particulate matter 
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and organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedures). Analyze 
within 6 months. 

Instrument Conditions: 

1. Thallium electrodeless discharge lamp with lamp energy set at 9. 

2. Wavelength: 276.8 nm 

3. Slit Vlidth: 0.7 Normal 

4. F"uel: Acetylene 

5. Oxidant: Air 

6. Tyre of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/L. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Standard Thallium Solution (10.0 mg/L Thallium): Pipet 1.0 ml of the 
1000 ppm stock thallium solution into a 100 ml volumetric flask, add 
1/2 rrl HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentr<~tion Volume of Dilute 
of Standard Thallium Standard to 

1.00 mg/L 1 ml of 100 mg/L Tl 100 ml 
2.00 mg/L 2 ml of 100 mg/L Tl 100 ml 
5.00 mg/L 5 ml of 100 mg/L Tl 100 ml 

10.00 mg/L 10 ml of 100 mg/L T1 100 ml 

TlFlC-l 
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that 
standard additions are not required. 

5. The use of halide acids is to be avoided. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If thallium is to be run in concentration mode, use the 5.00 and 
10.0 standards and follow the procedure for analyzing in 
concentration mode. 

Qua 1 i ty Con tro 1: 

1. Establish a standard curve with the standards listed above plus 
a blnnk. Record the absorbance chPCk standard in the absorbance 
check hook. The absorbances should remain consistent from run 
to run. If not, necessn ry troubleshooting must be performed 
before continuing (check wavelength, flame hend alignment, lamp 
a 1 i gnlll'?nt, etc.). 

2. A auali ty control calibration standard of 5.00 mg/L is to he 
analyzed, at a minimum, after every 10 samplP.s. If less than 10 
samples.are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate are to he within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

Tl FlC-2 
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Ca 1 cula ti ons: 

1. Plot concentration vs absorbance on graph. 
graph, or 

2. Calculate using linear regression, or 

3. Calcul~te using concentration mode. 

[ALM-8-13] 
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THALLIUM 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 279.2 

"Analytical Methods for Furnace Atomic Absorption 
Spectrophotometry", 1982, Perkin-Elmer Corporation. 

"Techniques in Graphite Furnace Atomic Absorption 
Spectrophotometry", 1985, Perkin-Elmer Corporation. 

Detection Limit: 0.005 mg/L 

Optimum Concentration Range: 0.005 - 0.050 mg/L 

Instrument Conditions: 

1. Thallium electrodeless discharge lamp with lamp energy set at 9. 

2. Wavelength: 276.8 nm 

3. Slit Width: 0.7 Alternate 

4. HGA Furnace Programming: 

Step 1: 130 (dry temp) 10 (ramp time) 20 (hold time) 
Step 2: 500 {char temp) 1 0 ~ramp time~ 20 (hold time) 
Step 3: 1400 {atom temp} _o_ ramp time _3_ {hold time} 

* Also press the read, record and stop flow buttons; 
t = 3 sec. 

Step 4: 2500 {max temp) _0_ {ramp time) _3_ {hold time} 

Press the record button. 

5. Sample Volume: 20 uL 

I 6. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/L. 

7. Platform is required. 

I 
I 
I 
I 
I 

Sample Handling: Acidify with nitric acid to pH <2. Analyze within 6 months. 

[C-600-97a] 
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Reagent Preparation: 

1. Standard Thallium Solution (1000 uq/L Thallium): Pipet 1.00 ml of the 
1000 ppm stock thallium solution into a 1000 ml volumetric flask, add 
1/2 ml HN03 and dilute to the mark with D.l. water. Prepare fresh 
every month. 

2. Standards (Prepare fresh every week.): 

Notes: 

1. 

2. 

3. 

4. 

Procedure: 

Concentration 
of Standard 

10.0 ug/L 
20.0 ug/L 
50.0 ug/L 

Volume of 
Thallium Standard 

1 ml of 1000 ug/L Tl 
2 ml of 1000 ug/L Tl 
5 ml of 1000 ug/L Tl 

Oil ute 
to 

100 ml 
100 ml 
100 ml 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

Be careful when reporting the units. 

For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

For the use of the concentration mode, use the 20.0 and 50.0 
standards and follow the procedure for analyzing in the 
concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

2. A quality control calibration standard of 20.0 ug/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 

[C-600-97a] 
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3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample in a 1:1 ration of sample to 
standards. Spike recoveries and duplicates are to be within an 
acceptable range or the use of matrix modifiers, dilution, or method 
of standard additions is to be applied to reduce the interferences. 

4. An EPA reference standard will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[C-600-97a] 
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VANADIUM 

Method: AA- Flame; Direct Aspiration 

Reference: EPA 1983, Method 286.1 

"Ana lyti ca 1 l~ethods for Atomic Absorption Spectrophotometry",' 
1982, Perkin-Elmer Corporation 

II Detection Limit: 1.00 mg/L 

I 
II 

II 

II 
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I 

Optimum Concentration Range: 1.00 - 50.0 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter ancl 
organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to 
analysis (refer to appropriate digestion procedures). 
Analyzed within 6 months. 

Instrument Conditions: 

1. Vanadium hollow cathode lamp. 

2. Wavelength: 318.4 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Nitrous oxide 

6. Type of flame: Reo 

7. Standards to use for curve set-up: 5.00, 10.0, 20.0, 50.0 mg/L. 

II Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

II 
1. S ta nda rds (Prepare fresh every month.): 

Concentration Volume of D i 1 u te 
of Standarq Vanadium Standard to 

I 5.00 mg/L 0.5 of 1000 mg/l V 100 ml 
10.0 mg/L 1 of 1000 mg/L V 100 ml 

II 
20.0 rng/L 2 of 1000 mg/L V 100 ml 
50.0 mg/L 5 of 1000 mg/L V 100 ml 

II 

I 
VFlC-1 
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2. A 1 urni num nitrate soli:Jfion:-rr1a2nOml---vQl ume tricflask--;-dYs_s_o_lve:-----------
139q Al(N03}3 in 150 ml of Milli-Q water. HPat to dissolve into 
solution. Allow to cool. Dilute to 200 ml with Milli-Q water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. High concentrations of aluminum and titanium increase the sensitivity 
of vanadium. This interference can be controlled by adding excess 
aluminum to both samples and stnndards (2 ml of aluminum nitrate 
solution to 100 ml samples and standards). 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame -Direct Aspiration section of this manual. 

Add 0.2 ml of AlN03 to 10 IT'L of samples, blanks and standards. 

If vanadium is to be run in the concentration mode, use the 20.0 
and 50.0 standards and follow the procedure for analyzing in the 
concentration mode. 

Qua 1 i ty Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing_ (check wavelength, flame head alignment, lamp 
align~nt, etc.). 

2. A quality control calibration standard of 20.0 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last 
sample analyzed in the run is to he the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the hst acceptablP check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samplPs are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate to be within an acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

VFlC-2 
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Calculations: 

1. Plot concentration vs obsorbance on graph. 
graPh, or 

2. Calculote using linear regression, or 

3. Calculote using the concentration mode. 

[ALM-10-20] VFlC-3 
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ZINC 
- --~ ------------ ------------

Method: AA - Flame; Direct Asp; ration 

Reference: EPA 1983, Method 289.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elme~ Corporation 

Detection Limit: 0.01 mg/L 

Qptimurn Concentration Range: 0.01 - 1.00 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, ~tc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrum~nt Conditions: 

1. The Zinc hollow cathode lamp with lamp energy set at 27. 

2. Wavelength: 213.9 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.10, 0.20, 0.40, 1.00 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. 

2. 

Standard Zinc Solution (20.0 mg/L Zinc): Pipet 2 mls of the 1000 ppm 
stock zinc solution into a 100 ml volumetric flask, add 1/2 ml HN03, 
and dilute to the mark with r~illi-:-Q water. 

Standards (Prepare fresh every month.): 

Con centra ti on V0lume of Dilute 
of Standard Zinc Standard to 

0.10 mg/L 0.5 ml of 20.0 rng/L Zn 100 ml 
0.20 mg/L 1 ml of 20.0 mg/L Zn 100 ml 
0.40 mg/L 2 ml of 20.0 mg/l Zn 100 ml 
1.00 mg/L 5 ml of 20.0 mg/L Zn 100 ml 

ZnC-1 
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1. 

2. 

3. 

4. 

Procedure: 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

Zinc•s may he run at a 30° angle for high level samples. High 
standards are made accordingly. 

For the analysis procedure~ refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If zinc is to be run in the concentration mode, use the 0.40 and 
1.00 ~g/l zinc standards and follow the procedure for analyzing 
in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. tf not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 0.20 mg/l is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must he within the acceptable ranges or the samples 
run after the last acceptnble chAck standard are to be reanalyzed. 
Record the calibration standards in the quality control hook. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike snmples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries i'lnd du!)licates results are to be within 
acceptable ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

Ca 1 cu 1 a ti on s: 

1. 

2. 

Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

Calculate using linear regression, or 

ZnC-2 
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TOTAL VOLATILE SOLIDS 

Scope and Application: This method determines the weight of solid material 
combustible at 550°C, and is applicable to sewage, 
sludge, industrial w~stes, soils and sediments. 

Method: Gravimetric, ignition at 550°C 

Reference: EPA 1983, Method 160.4 
Standard Methods, 16th Edition, 1985, Method 209F. (Pages 99-100) 

Sample Handling: Refrigeratl' at 4°C and analyze within 7 days of collection. 

Reagents and Apparatus: 

1. Porcelain evaporating dishes 
2. Muffle furnace, set at 550°C 
3. Dessicator 
4. Analytical balance 

Notes: 

1 • 

2. 

3. 

4. 

5. 

This is not an accurate measure of org~nic carbon. 

The most common error is failure to obtain a representative 
sample. Make sure the sample is thoroughly mixed or composited 
prior to analysis. 

The muffle furnace is slow to heat to 550°C. Turn muffle furnace 
on early in the day. 

When opening and closing the muffle, remember to stay to the side 
of the compa rtlllE'nt. 

Use tongs when placing dishes in/out of the muffle furnace. The 
temperature is very high! 

6. Take weighings quickly - wet samples tend to lose weight by 
evaporation. Dried samples can be hygroscopic and rapidly 
absorb atmospheric moisture. 

Procedure: 

Preparation of Evaporation Dish 

1. All glassware is to be soap and water washed, tap rinsed, and 
deionized water rinsed prior to analysis. 

TVS2-l 
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2. 

3. 

Ash a clean evaporating dish at 550 ±50°C for one hour in muffle 
furnace. 

Cool in dessicator for at least one hour and weigh. Dishes may 
be prepared anc1 storec1 in desiccr~tor until ready for 11se. 

Sample Analysis 

4. 

5. 

6. 

Fluid samples - Stir to mix. 

Place 25 to 50g of sample in the prepared evaporating dish and 
weigh. 

Evaporate to dryness on a water bath. 

- Dry at 103- 105°C overnight. 

Place in desiccator and cool to room temperature. 

Weigh. 

Solid Samples If sample contains pieces of solid material, 
pulverize the sample coArsely. 

Place 25 to 50g of sample into prepared evaporating dish and 
weigh. 

Place in oven at 103 - 105°C overnight. 

Place in desiccator and cool to room temperature. 

Weigh. 

After the total solids have been determined, ignite the residue 
left in the evaporating dish r~t 550°C in the muffle furnace. 

Note: If residue for step 4 contains large amounts of 
organic matter, first ignite the residue over a gas 
burner in an exhaust hood; then proceed with step 5. 

Let dish cool partially by the air. Then, cool in a dessicator 
for at least one hour and weigh. Repeat the ashing cycle (igniting, 
cooling, dessicating, and weighing} until a weight loss of <0.4% 
i s o b ta i ned . 

Quality Control: 

1 • Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate is still refluired. Duplicates should be within ncceptable 
ranges. The duplicr~te results are to be averaged. 

TVS2-2 
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check on contamination (glassware, oven, muffle furnace, etc.) 

Calculations: 

TVS, mg/kg = wt. dried residue ( ) - wt. residue 
wt. oried residue 

TVS, % = wt. dried residue (g) - wt. residue after ignition (g) x 100 
wt. dried residue (g) 

Revision Date 

7-'23-86 

5-21-87 

Officer 

Lawrence D. Andersen 
Vice President, Technical Services 

[AU-1-5-15] TVS2-3 
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ACID DIGESTIONS FOR SEDIMENTS, SLUDGES AND SOILS -

Scope and Application: This method is an acid digestion procedure used 
to prepare sediments, sludges, and soil samples 
for analysis by flame or furnace atomic absorption 
spectropscopy (AAS) or by inductively coupled argon 
plasma spectroscopy (ICP). Samples prepared by 
this method may be analyzed by AAS or ICP for the 
fo 11 owing meta 1 s: 

Aluminum 
Antimony 
Arsenic 
Ba ri urn 
Beryllium 
Cadmium 
Calcium 

Chromium 
Coba 1t 
Copper 
Iron 
lead 
Magnesium 
Manganese 

Nickel 
Pota ss i urn 
Silver 
Selenium 
Thallium 
Va nadi urn 
Zinc 

Method: Nitric acid, hydrogen peroxide and hydrochloric acid digestion 
for flame work and antimony by furnace; nitric acid/hydrogen 
peroxide digestion for furnace work. 

Reference: EPA SW-846, "Test r~ethods for Evaluating Solid Waste", July, 
1982. Methods 3020 and 3050. 

Contract Laboratory Program- "Statement of Work", July, 
1985. 

Sample Handling: Set up digestion as soon as possible; digested sample must 
be analyzed within 6 months. 

Reagents and Apparatus: 

1. Hot plate 
2. r-1ortar and Pestle 
3. 250 mL beakers 
4. Class A: volumetric glassware 
5. Milli-Q water 
6. 30% hydrogen peroxide 
7. Instra-analyzed nitric acid 
8. Instra-analyzed HCL acid 
9. Stock and standard metal solutions 

10. Whatman #42 filter paper 
11. Glass or plastic funnels 
12. Watch glasses 

Reagent Preparation: 

1. IntermPdiate and Workinq Metal Solutions: Refer to the specific 
metal SOP for instructions on preparation. 

SOILDIGC-1 
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3. 1:1 HCL: Using a 250 mL volumetric cylinder. add 250 mL Milli-Q 
water. Coutiously odd. 250 ml concentrated hydrochloric acid. 
Mix. 

Notes: 

1. Arsenic and selenium by the AA-furnace techniques follow this 
digestion procedure and nickel nitrate is added prior to analysis. 

2. Mercury by the AA-Cold Vapor technique has a separate digestion 
procedure. 

3. All blanks. duplicates and spikes must be carried through the 
digestion procedure along with a digestion check standard. 

4. If elevoted levels are expected. increase the spike concentration 
accordingly. 

Procedure: 

A. Digestion for Flame Work and Furnace Analysis of Antimony: 

1. All glassware used must be acid rinsed with 1:1 nitric prior 
to use. 

2. Pulverize and thoroughly mix the sample. 

3. Weigh out approximately 1.000 g - 1.500 g of the sample into 
a 250 ml beaker on analytical balance. Record the weight 
of the sample used on the digestion sheet. 

4. Add 10 ml of 1:1 HN03. Mix and cover with a watchglass. 
Place samples on the hot plate and heat at medium heat (95° C). 
Reflux for 10 minutes. 

5. Take sample off hot plate and allow to cool. Add 5 ml 
concentrated HN0 3. Return to hot plate and reflux for 30 
minutes. 

6. Cool. Add 2 ml Milli-Q water and 3 mL 30% H202. 

7. Heat until effervesence subsides. Cool. 

8. Continue the addition of 30% H202 in 1 ml aliquots with 
warming until the effervesence is minimal or appearance 
of sample is unchanged. DO NOT add more than a total of 
10 ml 30% H202. 

SOILDIGC-2 
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9. Cool. Add 5 ml 1:1 HCL and 10 ml Milli-Q water. 

11. Cool. Quantitatively transfer to 100 ml volumetric flasks 
while filtering through a Whatman #42 filter to remove 
sediment. Rinse beaker and filter paper 3 times and dilute 
to 100 ml with Milli-Q water. The final acid concentration 
is approximately 2.5% HCL and 5.0% HN03. Dilute the digestate 
1:1 with deionized water. (200 ml final volume.) 

B. Digestion for Furnace Work, except for Antimony: 

1. Follow the digestion procedure above for flame work through 
Step 8. 

2. Continue to heat until the volume is reduced to approximately 
2 ml. (Watch closely; bumping and spattering may occur.) 

3. Cool. Add 10 ml Milli-Q water and warm on hot plate. 

4. Cool. Quantitatively transfer to 100 ml volumetric flasks 
while filtering through a Whatman #42 filter to remove 
sediment. Rinse the beakers and filter paper 3 times and 
dilute to 100 ml with Milli-Q water. The final acid 
concentration is aprroxirmtely 2.0% HN03. Dilute the 
digestate 1:1 with deionized water (200 ml final volume). 

Quality Control: 

1. Refer to each specific metal SOP ~or quality control requirements. 

2. If a digested spike is diluted out of the working concentration 
(too low to detect) run a manual spike. The data is acceptable if 
the manual spike is within acceptable ranges. If the manual spike 
is outside the QC ranges, the sample and spike must be re-digested. 

~ ~ 1/()..>lo? 
Michael J. Linskens 
Laboratory Manager 

~~~n~ 
A<Jilyt ~Laboratory QA/QC Officer 

~/).~ 
Lawrence D. Andersen 
Vice President, Technical Services 

[AL-1-26] SOILDIGC-3 
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Scope and Application: This acid digestion is applicable to all aqueous 
sample matrices. A nitric/hydrochloric acid digestion 
is used for all metals which are to he analyzed by 
the AA-flame technique and for the furnace analysis 
of antimony. Metals which are to be analyzed by the 
AA-furnace technique will follow the nitric acid/ 
hydrogen peroxide digestion. 

Method: Nitric and nitric/hydrochloric acid digestions. 

Reference: EPA SW-846, "Test Methods for Evaluating Solid Wastes", July, 
1982. Methods 3010 and 3020. 

Contract Laboratory Program, "Statement of Work", July, 1985. 

Sample Handling: Aqueous samples ITlJSt be acidified with concentrated nitric 
acid to pH < 2. Set up digestion as soon as possible; 
digested sample must be analyzed within 6 months. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Hot Plate 
250 ml beakers 
100 ml graduated cylinders 
Class A volumetric glassware 
Mi 11 i -Q water 
Instra-analyzed nitric acid 
Instra-analyzed HCL acid 
Stock and standard metal solutions 
Whatman #42 filter paper 
Glass funnels 
Watch glasses 
30% hy~rogen peroxide 

Reagent Preparation: 

I. Intermediate and Working Metal Solutions: 
rre ta 1 SOP for instructions on prepa ration. 

Notes: 

Refer to the specific 

1. All blanks, duplicates, and spikes, as well as a digested check 
standard must be carried through this digestion procedure. 
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A. 

B. 

Digestion For AA-Flame and Antimony by Furnace: 

1. 

2. 

3. 

4. 

5. 

6. 

All glassware must he ~cid-washed with 1:1 nitric acid and thoroughly 
rinsed with Milli-Q water prior to use. 

Measure out 100 ml aliquots of samples, bhnks, and standards into 
250 ml beakers using a graduated cylinder. 

Add 2 ml of 1:1 HN03 and 10 mL of 1:1 HCL. 

Cover with a watch glass and heat on the hot plate until the volume 
has been reduced to between 25 and 50 ml. Make certain that the 
sample does not boil. 

Quantitatively transfer digested samples, blanks, and standards into 
100 ml volumetric flasks. Filter samples through Whatman #42 filters, 
rinse beakers and filters with Milli-Q water and dilute to 100 ml. 
Alternatively, samples can be transfered to 100 ml volumetric flasks, 
without filtering. Dilute to volume and let any insoluble material 
settle overnight. 

Samples are now ready for analysis using the AA-flame procedure. 

Digestion For AA-Furnace (except Antimony): 

1. All glaSS\ ... are must be acid-washed with 1:1 nitric acid and thoroughly 
rinsed with Milli-Q water prior to use. 

2. Measure 100 ml aliquots of samples, blanks, and standards into 
250 mL beakers using a graduated cylinder. 

3. Add 1.0 ml of 1:1 HN03 and 2 ml of 30% H202. 

4. 

5. 

6. 

Cover with a watch glass and heat on the hot plate at 95°C for 2 
hours or until the volume is reduced to between 25 and 50 rrL. 
Make certain that the sample does not boil. 

Quantitatively transfer digested samples, blanks, and standards 
into 100 ml volumetric flasks. Filter samples through Whatman #42 
filters, rinse beakers and filters with Milli-Q water and dilute 
to 100 ml. Alternatively, samples can be transfered to 100 mL 
volurretric flask without filtering. Dilute to volume and let 
any insoluble material settle overnight. 

Sampl_es are now ready for analysis using the AA furnace procedures. 
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Qua Uty Con_troJ --------------------------

1. Refer to each specific metal SOP for quality control requirements. 

2. If a digested spike is diluted out of the working concentration 
range (too low to detect) run a manual spike. The data is 
acceptable if the manual spike is within acceptable ranges. If 
the manual spike is outside the QC ranges, the sample and spike 
must be re-digested at a di 1 uti on. 

~~11)$117 
Michael J. Linskens 
l~boratory Manager 

K~ ~'"~~ 
Kim D • F i nne r 
An lytical L~boratory QA/QC Officer 

~-~ 
Andersen 

President, Technical Services 

[ALM-10-19] AquDigC-3 
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Scope and Application: 

Method: Flow injection 

AUTOANALYZER 

Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives 
the system excellent washout characteristics, to 
prevent carry over and cross contamination. The 
autoanalzyer is generally more sensitive and 
accurate than the manual wet-chemistry techniques. 

References: Lachat Instruments, 1986. 

II Sample Handling: See separate SOP's for requirements. 

II 
I 
I 
I 
II 
I 
II 
I 
II 
I 
I 
I 

Reagents aQd Appartus: 

1. Lachat 3-channel autoanalyzer 
2. Stock and standard ion solutions 
3. Class A volumetric flasks 
4. Class A volumetric pipets 
5. Milli-Q water 
6. Required interference filters 
7. Disposable 4 ml cups 
8. Automatic sampler 
9. Proportioning pump 

10. Injection module 
11.. Colorimeters 
12. Manifolds 
13. Columns - if needed 
14. Helium gas 
15. Computer 
16. Printer 

Procedure: 

A. Instrument Set-up 

1. Depress red power switch on power strip located behind the 
computer terminal. This will turn on the computer, the 
screen, and the printer. 

2. Depress red power switch on rear power strip on Lachat system. 
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4-. -s-e-lect-man i-f o-ld-a-nd-make-a p prop r-i-a-te-hy d ra u-1-i-c -con ne ct-i ons. 

Hydraulic connections: 

a. Use correct sample loop length to connect. 
lines 1, 4. 

b. Une 2 is carrier line. 

c. Line 3 goes to manifold. 

d. Line 5 goes to waste container. 

e. Line 6 comes from sample probe. 

f. Connect manifo 1 d to flow through cell. 

Tension levers should be up when pump tubing is inserted. 
Snap pump tubing cartridges into place. 

5. Insert correct filter. 

6. Pump Milli-Q water through lines for 5 minutes by depressing 
the pump ON button. Check for leaks. 

7. Computer- At the C> type in 11QUikcalc 11
• This calls up the 

Lachat software and puts you at the master menu. Press <enter>. 

8. Put lines into reagents and/or degassed Milli-Q water. 

9. Computer - Select 11 Load/Stop Background Method" on the master 
menu. Press <enter>. 

10. Select appropriate method. Press <enter>. 

11. Printer should be set at FONT 0. 

12. Pump reagents until a steady baseline is achieved. 

13. When using a method with a column {S04 or N03), the column 
may be inserted at this point. See method SOP's for more 
details. 

14. For each analytical channel, adjust zero knob so that the 
baseline is near the bottom of the screen (between .000 -
• 030). 
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15. Adjust gain while injecting top standard. 

a. Place autosampler probe into the highest standard bottle. 

b. After 20-30 seconds, press cycle button on front panel 
so that LED light is red. This is the load position. 

c. After 25 seconds (or less depending on sample loop size), 
press cycle button so that LED light is green. This is 
the inject position. 

d. Adjust gain knob on detector so that peak reading on 
the colorimeter is 1.700-1.950. 

e. Repeat until gain is properly adjusted. 

f. Wipe probe and replace the autosampler probe into the 
sampler. 

16. Select menu item by going into_ foreground. (Press and hold 
Alt key, then press Esc key). 

a. Select "Sample Tray Information and Start Analysis" on 
master menu. Press <Enter>. 

b. Press <Enter> or type in sample tray reference number if 
it is a tray which has already been typed in. 

c. Enter tray ID and operator. Check "Display Standards 
Position in Tray" to insure the tray is set-up properly. 

d. Select "Enter Sample ID' s". Press <enter>. 

e. Type in sample information. Check standards will 
automatically be placed in the tray information 
portion. 

f. Press Esc once to return to menu. 

17. Put tray with samples in appropriate cup locations on 
autosampler. Position tray to the cup containing standard 
A (usually #35 or so). Select "Start Analysis." Press 
<enter>. 

18. The second screen will ask if the tray has standards or not. 
If you standardized the first tray of the run and all the check 
standards are within QC ranges, recalibration for the next tray 
is not necessary. Select appropriate option. Press <enter>. 
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- go into the foreground (Press Alt, Esc keys) 

-select "display calibration graph" (Press <enter>) 

- review the data 

return -to the background (Press Alt, Esc keys) 

press "G" for good calibration. Analysis will continue. 

press "R" for re-calibration. Remember to refill standard 
cups and reposition sample tray before pressing "R"! 

B. Instrument Shut-Down 

1. Press Alt/Esc keys to get to the foreground, Select "Load/Stop 
Background Method". Press <enter>. To question-"Stop background 
(Y/N)?" Press "Yes". Press Esc key to main menu. 

2. If column is used, stop the pump and disconnect from manifold. 

3. Pull lines from reagents into a wash beaker of D.I •• 

4, Pump D.I. through lines for 2-5 minutes. 

5. Pump air through lines until manifold is dry. 

6. Turn off pump. 

7. Release tubing cartridges and lower tension levers. 
Release tubing. 

8. Turn off main switch on rear power strip. 

9, Empty and rinse waste containers, if necessary. 

10. Perform back-up on current data files, once a week. 
(see section C ) 

11. Turn off the computer and printer. 
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c. Backing-up the Data Fil~s 

1. Exit to DOS 

2. At C> Type: cd\fialab\data. Press <enter> 

3. At C> Type: copy *. rpt a: . Press <enter> 
After everything is copied - remove d1 sc. 

4. At C> Type: de 1 *. *. Press <enter> 

5. Are you sure (Y/N)? Type: y Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to 
turn off the computer, printer and screen. 

~~erl~sto 
Michael J. Linskens 
laboratory Manager 

K~~~ 
Kim D. Finne r 
~nalytical Laboratory QA/QC Officer 

~IJ-~ 
Lawrence D. Anderson 
Vice President, Technical Services 
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Scope and Application: This method is applicable to drinking water, 
surface water, groundwater and wastewater. 

Reference: EPA 1983, Method 310.2 
lachat Instruments 1986, Method 10-303-31-1-C 

Sample Handling: Refrigerate at 4°C and analyze within 14 days of collection. 

Detection limit: 5.0 mg/L as CaC03 

Optimum Concentration Range: 5.0 - 500 mg/L 

Instrument Conditions: 

1. · Pump speed: 35 
2. Cycle period: 60 seconds 
3. Load period: 30 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 10 seconds 
6. Inject to end of peak period: 56 seconds 
7. Gain: 150 x 10 
8. Zero: 180 
9. Interference fi 1 ter: 410 nm 

10. Sample loop: 90 em 
11. Standards for curve set-up: 0, 20.0, 50.0, 100, 250, 500 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-Q water - 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in cubitainer. 

b. Bubble helium, using the fritted gas dispersion tube, through 
the Milli-Q water (15 min/20 L.) Store in cubitainer. 

2. Stock alkalinity standard (1000 mg/L as NazC03): In a 1 liter 
volumetric flask, dissolve 1.060 g of anhadrous primary standard 
grade sodium carbonate (Na2C03-dried at I 06 C for 4 hours) in 
approximately 900 ml of helium purged Milli-Q water, and dilute 
to rna rk. 

ALKAA-1 
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4. 

5. 

6. 

7. 

Notes: 

1. 

2. 

3. 

4. 

5. 

Concentration 
of Standard 

0 mg/L 
20.0 mg/L 
50.0 mg/L 

100 mg/L 
250 mg/L 
500 mg/L 

Letter 
Identifier 

A 
B 
c 
D 
E 
F 

Volume of 
Alk. Standard 

0 
4.0 

10.0 
50.0 

125.0 
100.0 

NOTE: Final volumes are not the same! 
Computer refers to standards by letter. 

D i 1 u te 
to 

200 ml 
200 ml 
200 ml 
500 ml 
500 ml 
200 ml 

Sodium hydroxide {0.1M): In a 1 liter flask, dissolve 4.0 g sodium 
hydroxide (NaOH) and dilute to the mark with Milli-Q water. 

Hydrochloric acid (0.1M): In a 1 liter flask, dilute 8.3 ml of 
concentrated HCL in Milli-Q water and dilute to the mark. 

KHP buffer {25.0 mM, pH 3.1): In a 1 liter flask, dissolve 5.10 g 
of potassium acid phthalate {KHP) {KHC3H404) in approximately 500 ml 
of helium purged Milli-Q water. Add 87.6 ml of 0.1M·HCL and dilute 
to the mark. Adjust the pH of the buffer to 3.1 with O.lM HCL or 
O.lM NaOH. STORE IN GLASS AND PREPARE MONTHLY! 

Methtl orange reagent: In a 1 liter volumetric flask, dissolve 
0.12 g of methyl orange indicator in about 700 ml of helium-purged 
Milli-Q water and dilute to the mark. Store in glass! 

Samples must be diluted to obtain concentrations within the 
optimum working range. 

The gain and zero settings are guidelines and must be adjusted 
each day to optimize. 

The alkalinity standards can be combined with chloride and 
sulfate standards for use with the 3 channel method. 

Turbidity will interfere. Samples must be filtered prior to 
analysis. (Use Whatman #1 or #4.) 

Color will interfere, dilute the sample and also spike this 
sample to confirm the quality of the result. 

System Operation: 

A. Refer to "Auto Analyzer Operation start-up procedure." 
{IOP# LAA-section A) 
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each run. 

C. Use 125 mg/L for the spike level. 

D. The calibration check standard is 100 mg/l (D), 

E. Refer to "Auto Analyzer shut-down procedure". (IOP# lAA-section B) 

Qua 1 i ty Control: 

1. Establish a standard curve with the standards listed above. 
Record the check standard in the check standard book. The 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagents, pump tubing, valves, etc.). 

2. A quality control calibration standard of 100 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the. calibration standard. These 
standards must be within the acceptable ranges or the samples run 
·after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control bbOk. The 
acceptable limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard in a 
1:1 ratio of sample to standard. Spike recoveries and duplicates 
are to be within acceptable ranges or troubleshooting must be 
performed. 

Calculation: 

1. Calculate with Lachat QuikChem software, in the concentration 
mode, using the IBM XT computer. 

~~ ~/J.slt;; 
Michael J. linksens 
laboratory Manager 

~. ~~ 
Kim h'?'tinner 
A~J)lytical laboratory QA/QC Officer 

~J.~ 
lawrence D. Andersen 
Vice President, Technical Services 

[KAW-3-8] ALKAA-3 

Revision Dates 

8-18-87 
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Scope and Application: This method is applicable to drinking water, 
surface water, groundwater, and wastewater. 

References: EPA 1983, Method 325.2 
Lachat Instruments 1986, Method 10-117-07-1-B 

I Sample Handling: Refrigerate at 4°C and analyze within 28 days of collection. 

I 
I 
I 
I 
I 

Detection Limit: 1.0 mg/L. 

Optimum Concentration Range: 1.0 - 100 mg/L 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle speed: 30 seconds 
3. Load period: 15 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 8 seconds 
6. Inject to end of peak period: 35 seconds 
7. Gain: 200 
8. Zero: 250 
9. Interference fi 1 ter; 480 nm 

10, Sample loop: 20 em 
11. Standards for curve set-up: 0, 10.0, 20.0, 50.0, 80.0, 100, 

I Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

I 
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1. Degassed Milli-Q water - 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in cubitainer. 

b. Bubble helium, using the fritted gas dispersion tube, through 
the Milli-Q water. (15 min/20 L.) Store in cubitainer. 

2. Stock chloride standard (1000 mg/L Cl): In a 1 liter volumetric 
flask, dissolve 1.648 g of primary grade sodium chloride (NaCl), 
previously dried at 103°C~ in 500 ml Milli-Q water. Dilute to 
the rna rk and invert to mix. 

ClAA-1 
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3. Standards: (Prepare fresh every 2 months.) 

Concentration Letter Volume of Dilute 
of Standard Identifier Cl Standard to 

0 mg/l A 0 200 
10.0 mg/l B 2.0 200 
20.0 mg/l c 4.0 200 
50.0 mg/L D 25.0 500 
80.0 mg/L E 40.0 500 

100 mg/L F 20.0 200 

Note: Final volumes are not the same! 
Computer refers to standards by letter. 

4. Stock mercuric thiocyanate reagent: In a 1 liter volumetric flask, 
dissolve 4.17g of mercuric thiocyanate (Hg(SCN)2) in one liter of 
methanol. Invert to mix. Store in amber glass. 

CAUTION: Mercury is a very toxic meta 1. WEAR GLOVES! 

5. Stock ferric nitrate rea ent (0.5M): In a 1 liter volumetric flask, 
dissolve 202.0g of ferric nitrate Fe(N03}3 · 9H20} in approximately 
800 ml of deionized water. Add 25 mL of concentrated nitric acid 
and dilute to one liter. Invert to mix. 

6. Combined color reagent: Mix 150 mL of stock mercuric thiocyanate 
solution with 150 ml of stock ferric nitrate reagent and dilute to 
1000 mL with deionized water. Vacuum filter through a 0.45 micron 
membrane filter. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
working range. 

2. The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 

3. The chloride standards may be combined with alkalinity and sulfate 
standards for use with the 3 channel method. 

4. Any sample with turbidity must be filtered prior to analysis. (Use 
Wha tman #1 or #4.) 

5. Color is an interference, dilute the sample and also spike this 
sample to confirm the quality of the result. 

System Operation: 

A. Refer to "Auto Analyzer Operation Start-up procedure". 
(lOP# LAA-sPction A) 
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C. Use a 40 ppm Cl for the spike level. 

D. The calibration check standard is 50 mg/L (D). 

E. Refer to 11 Auto Analyzer Shut-down procedure 11
• 

(lOP# LAA-section B) 

I Quality Control: 

I 
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1. Establish a standard curve with the standards listed above. 
Record the check standard in the check standard book. The 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagent, pump tubing, valves, etc.). 

2. A quality control calibration standard of 50.0 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within the acceptable ranges 
or the samples run after the last acceptable check standard are 
to be reanalyzed. Record the calibration standards in the' quality 
control book. The acceptable limits are noted in the quality 
control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard in a 
1:1 ratio of sample to standard. Spike recoveries and duplicates 
are to be within acceptable ranges or troubleshooting must be 
performed. 

Calculations: 

1. Calculate with Lachat QuikChem software, in the concentration 
mode, using the IBM XT computer. 

~~q/~5/f? 
Michael J. linskens 
laboratory Manager 

~~)\~ 
Kim D. F1nner 
Analytical Laboratory QA/QC Officer 

~l~ 
Lawrence D. Andersen 
Vice President, Technical Services 

[KAW-3-9] ClAA-3 

Revision Date 
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Scope and Aoplic~tion: This method is applicable to drinking water. 
surface water. groundwater and wastewater. 

Reference: EPA 1983. Method 353.2 
lachat Instruments, 1986 

I Detection limit: 0.02 mg/l 
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Optimum Range: 0.02 - 2.00 mg/l N03. 

Sample Handling: Analyze within 48 hours of collection. If this is not 
possible, preserve the sample with 2 ml concentrated 
H2S04/I liter and analyze within 14 days. 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle period: 50 seconds 
3. load period: 20 seconds 
4. Inject period: 20 seconds 
5. Inject to start of peak period: 22 seconds 
6. Inject to end of peak period: 68 seconds 
7. Gain: 450 
8. Zero: 400 
9. Interference filter: 520 nm 

10. Sample loop: 17 em 
11. Standards for curve set-up: 0, 0.20, 0.50. 1.00, 2.00 
12. Column: (see reagents 7-10) 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-Q water (2 options): 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in a cubitainer. or 

b. Bubble helium. using the fritted gas dispersion tube. through 
the Milli-Q water. Store in a cubitainer. (15 min/20 l) 

2. Stock nitrate standard (100 mg/l N03): In a 1 liter volumetric flask, 
dissolve 0.7218 potassium nitrate (KN03) in about 600 ml of Milli-Q 
water. Add 2 ml of chloroform, as a preservative. Dilute to the 
mark. Store in a dark glass bottle. 

3. Working stock nitrate standard (10 mg/L N03l: In a 100 mL volumetric 
flask. pipet 10.0 ml of the stock nitrate standard and dilute to the 
mark with r~illi-Q water. Standard i-s good for 2 weeks if H2S04 preserved. 

N03AA-1 
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5. 

6. 

7. 

8. 

Concentration Letter Volume of Oil ute 
of Standard Identifier N03 Standard to 

0 mg/L A 0 100 mls 
0.20 mg/L B 2.0 100 mls 
0.50 mg/L c 5.0 100 mls 
1.00 mg/l D 10.0 100 mls 
2.00 mg/l E 20.0 100 mls 

Note: Computer refers to standards by letter. 

Sodium htdroxide (15M): To 250 ml of Milli-Q water, add 150.0g 
NaOH. S OWLY! This solution will get very HOT! Swirl to dissolve. 
Store in a plastic bottle. 

Ammonium chloride buffer solution: In a 1 liter volumetric flask, 
dissolve 85.0g of ammonium chlorid~ (NH4Cl) and l.Og of disodium 
ethylenediamine tetracetate dihydrate (EDTA) in approximately 
800 ml Milli-Q water. Adjust the pH to 8.5 with the 15M NaOH. 
Dilute to the mark. 

Sulfanilamide color reagent: In a 1 liter volumetric flask, add 
approximately 800 ml of Milli-Q water. ThPn add 100 ml concentrated 
phosphoric acid (H3P04). Add 40.0g sulfanilamide and dissolve 
completely. Dissolve 1.0g N-1-naphthlethylenediamine dihydrochloride 
(NED) and dilute to one liter. Store in dark bottle at 4°C. Stable 
for 2 months when refrigerated. 

Column Preparation: 

a. Cadmium preparation: Place 10-20g of coarse cadmium powder 
(granules) in a 250 ml beaker and wash with 50 ml of acetone, 
then distilled water, then two 50 ml portions of 1 M hydrochloric 
acid (8 ml concentrated hydrochloric acid plus 92 ml c1eionized 
water). Then rinse thoroughly with deionized water. If using 
cadmium for second time, rinse with 1 M hydrochloric acid before 
beginning process. CAUTION: Collect and store all waste cadmium. 
Wear gloves! 

h. Conperization: Prepare a 2% copper sulfate solution (20g CuS04·sH20) 
per liter of deionized water) and add a 100 ml. portion to the 
Ciidmium prepared in "a" above. Swirl gently for about 5 minutes, 
then decant the liquid and repeat with a fresh 100 ml portion of 
2% copper sulfate. Continue this process until colloidal copper 
is visible in the supernatant (a red-brown precipitate) and 
solution remains blue in color. Decant and wash with at 
least 5 portions of ammonium chloride solution (Reagen~6) 
to remove the colloidal copper. The cadmium should be 
black or dark gray. The cadmium granules may be stored in 
a stoppered bottle in ammonium chloride solution (Reagent 6). 
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Notes: 

c. Packing the column (wear loves!): Place a small piece of 
polyurPthane foam or glass wool loosely in the end of the 
glass tube. Insert the p 1 ugged end of the glass tube into 
the column end fitting. Cut a length of 0.032" id teflon 
tubing 3 to 4 inches longer than the column. 

Insert the teflon tuhe in the end fitting and fill the whole 
tube with water, holding the flexible tube in a U-shape so 
that the ends are leve 1. Place the second end fitting on 
the other.end of the teflon tubing. (Placing a small funnel 
onto the end fitting may aid filling.) Taking care that no 
air bubbles are introduced, place the copperized cadmium 
granules in the column. Tap the column gently, every 1-2 em, 
to pack the granules. When the column is packed to within 
about 5 mm of the end of the glass column, insert another 
foam plug, then the column end fitting. Store the column 
with the ends connected with a length of teflon tubing, as 
air pockets or having the column dry out will necessitate 
repacking. If air remains in the column, connect the column 
to the manifold and turn the pump on maximum. Tap column 
firmly until all air is removed. 

d. Column activation: The column must be activated before use 
or it will not reduce nitrate. This may be accomplished by 
pumping the 10 mg/L nitrate standard through the sampler 
line. When the solution is injected, a brilliant pink 
color will be visible in the coil. The cadmium column 
effeciency should be above 80%, if less, the column must be 
repa eked. 

1. . Interferences: 

Build up of suspended matter in the reduction column \'lill 
restrict sample flow. Since nitrate-nitrogen is found in 
a soluble state, the sample must be pre-filtered. 

Low results might be obtained for samples that contain 
high concentrations of iron, copper or other metals. EDTA 
is added to the samples to eliminate these interferences. 

Samples that contain large concentrations of oil and grease 
will coat the surface of the column. This interference is 
eliminated by pre-extracting the sample with an organic 
sol vent. 

2. Samples must be diluted to obtain concentrations within the 
optimum working range. 
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3. 

4. 

5. 

The gain and zero settings are guidelines and must be adjusted 
ea chaay- to-op-ttm;-ze. 

Color will intefere; dilute the sample and also spike this sample 
to confirm the quality of the result. 

ACS grade ammonium chloride has been found occasionally to 
contain significant nitrate contamination, so an alternative 
preparation for the ammonium chloride buffer (Reagent 6) is as 
follows: 

In the hood,,add 126 ml concentrated HCl to a 1 liter volumetric 
flask containing 500 ml degassed Milli-Q water. Mix. Add 95 ml 
ammonium hydroxide and 1.0 gm disodium EDTA. Dissolve and dilute 
to the mark. The pH should be 8.5 + .1, adjust pH if necessary. 

I 
I 

System Operation: 
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1. Refer to Auto Analyzer Operation- Start-up Procedure 
(lOP# LAA-section A). 

2. After pumping reagents through the lines, turn off the pump and 
insert column, making sure that air bubbles are not introduced 
into the column. 

3. Activate column. (See #8d. above.} 

4. Analyze a blank ano EPA check standard at the beginning of 
each run. 

5. Use 0.5 ppm spike levels. The calibration check standard 
is 1.00 mg/L N03 (D). 

6. If only nitrate is requested, nitrites must be analyzed and 
subtracted from the nitrate + nitrite value. 

7. However, since this method analyzes both forms of nitrogen, 
if the nitrate+ nitrite result is <0.02, nitrite does not 
need to be run for that sample. 

8. After use, turn off the pump and remove the column from the 
manifold. 

9. Refer to Auto Analyzer Shut-down Procedure. 
(lOP# LAA-section B.) 

II Quality Control: 

I 
I 
I 

1. Establish a standard curve with the standards listed above. 
Record the check standard in the check standard book. Th~ 

concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagents, pump tubing, valves, etc.). 
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2. A quality control calibr~tion st~ndard of 1.00 mg/L is to be 
ilnalyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, il calibration standard is still required. 
The last sample ilnalyze~ in the run is to be thP calibration 
standard. These standards must be within the acceptable ranges 
or the samples run after the last acceptable check standard are 
to be reanalzyed. Record the calibration standards in the 
quality control book. The acceptable limits are noted in the 
quality con~rol book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less 
than 10 samples are analyzed, a duplicate ant1 spike are still 
required. Duplicates are to be averaged. Spike samples with 
a standard in a 1:1 ratio of sample to standard. Spike recoveries 
and duplicates are to be within acceptable ranges or troubleshooting 
must be performed. 

I Calculation: 

I 
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1. Calculate with Lachat QuikChem software, in the concentration 
mode, using the IBM XT computer. 

~~ t[~ff? 
Michael J. Linskens 
Laboratory Manager 

z:7~ic;/Z<>(fl 
Lawrence D. Andersen 
Vice President, Technical Services 
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SULFATE - AUTOANALYZER 

Scope and Application: This method is applicable to drinking water, 
surface water, groundwater, and wastewaters. 

Reference: EPA, 1983, Method 375.2 
Lachat Instruments, 1986, QuikChem Method 10-116-10-2-B 

Detection Limit: 5.0 mg/L 

Optimum Concentration Range: 5.0 - 200 mg/L 

Sample Handling: Refrigerate at 4°C and analyze within 28 days of collection. 

Instrument Condition: 

1. Load time: 20 seconds 
2. Inject Period: 30 seconds 
3. Inject to peak start period: 9 seconds 
4. Inject to peak end period: 54 seconds 
s. Cycle time: 50 seconds 
6. Gain: 200 
7. Zero: 700 
8. Interference filter: 460 nm 
9. Sample loop: 10 em 

10. Standards to use for curve set-up: 0, 25.0, 50.0, 100, 150, 200 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Degassing with helium- 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in cub ita i ner. 

b. Bubble helium, using the fritted gas dispersion tube, through 
the Milli-Q water. (15 min/20 L.) Store in cubitainer. 

2. Carrier (0.3 ppm S04=): In a 1 liter volumetr1c flask, add 0.3 ml 
of 1000 ppm stock sulfate solution and dilute to mark with degassed 
Mill i-Q water. 

3. Barium chloride solution (6.24M): In a 1 liter volumetric flask, 
dissolve 1.526 g of barium chloride dihydrate (BaC1 2·2H20) in 500 ml 
of degassed Milli-Q water and dilute to 1 liter. 

4. Hydrochloric acid (l.ON): In a 100 ml volumetric flask, containing 
approximately 80 ml of Milli-Q water, add 8.3 mL of concentrated 
hydrochloric acid and dilute to the mark with Milli-Q water. 
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In a dry 1000 ml volumetric flask, place 0.2364 g of methylthymol 
blue (3 1

, 311 bis-N,N-bis carboxymethyl)-amino methylthymolsulfon
ephthalein pentasodium salt (Kodak No. 8068). Add 50 ml of barium 
chloride solution ( 11 311 above). The solution may be used to aid in 
the transfer of the dye. Swirl to dissolve. Add 8.0 ml of the 1.0 
N HC1 solution ( 11 411 above) and mix - solution should turn orange. 
Add 142 ml deionized water and dilute to 1000 ml with ethanol (Aldrich 
24.511.9) Mix. The pH of this solution should be 2.5. Prepare 
this solution the day before use and store it refrigerated in an 
amber bottle. 

6. Sodium hydroxide (50% stock solution): Cautiously dissolve 500 g of 
sodium hydroxide (NaOH) in 600 ml of Milli-Q water. Cool and dilute 
to 1 liter. Store in plastic bottle. CAUTION: The solution will 
become very hot! 

7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 
14.4 ml of 50% sodium hydroxide ( 11 611 above) to deg~ssed Milli-Q 
water, and dilute to the mark. 

8. Buffered EDTA (for cleanin manifold): In a 1 liter volumetric flask, 
disso ve 6.7 g ammonium ch oride NH4Cl) in 500 ml Milli-Q water. 
Add 57 ml concentrated ammonium hydroxide and 40.0 g tetrasodium EDTA 
dihydrate. Dissolve by swirling; dilute to the mark with Milli-Q 
water. 

9. Sulfate stock (1000 mg/l): Dry approximately 2 g of sodium sulfate 
CNa2S04) at l05 6 C for 2 hours. Cool in a desiccator. In a 1 liter 
volumetric flask, dissolve 1.479 g of the dried sodium sulfate in 
Milli-Q water and dilute to 1 liter. (1.0 ml = 1.0 mg S04=). 

10. Working standard: (Prepare fresh every 2 months) 

Con centra ti on Letter Volume of Stock Dilute 
of S ta nda rd Identifier Sulfate Standard to 

0 mg/L A 0 200 ml 
25.0 mg/L B 5.0 200 ml 
50.0 mg/L c 10.0 200 ml 
100 mg/L 0 50.0 500 ml 
150 mg/L E 75.0 500 ml 
200 mg/L F 40.0 200 ml 

Note: Final volumes are not the same. 
Computer refers to standards by letter. 
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1. Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ion 
excJ,ange resin in Milli-Q water. 

2. Remove one column end from the glass column. Fill the column with 
water, then aspirate the slurry or allow it to settle by gravity to 
pack the column. Take care to avoid trapping air bubbles in the 
column and its fittings at this point and all subseouent operations. 

3. After the resin has settled, replace the end fitting. To ensure a 
good seal, remove any resin particles from the threads of the glass, 
the column end and the end fittings. To store the column, the ends 
of the Teflon tubing may be joined with a union. 

4. To test the effectiveness of the column, make up a standard of pure 
sodium sulfate and compare its peak height to an identical standard 
with hardness typical of the samples added. If the column is being 
depleted, the standard with hardness will read lower because the 
divalent cations are complexing the free MTB. The concentration of 
thP standard should be mid-range. If depletion has occured, repack 
the column with fresh resin. 

5. Regenerating Resin: Batch regeneration is recommended because the 
hydrogen form of BioRex 70 can swell considerably more than the 
sodium form. Collect the used resin in a small beaker or flask. 
Wash with dilute HCl until the wash tests free of calcium and/or 
magnesium. This procedure removes the divalent cations hy 
converting the carboxylate exchange group to the protonated form -
COOH. Convert the resin back to the sodium form by neutralizing 
with washes of O.SM NaOH until the wash has a pH of 9 or greater. 
Rinse with deionized water for storage or repacking. A column may 
be used for 3-4 trays (approximately 150 samples) before it needs 
to be replaced. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
working range. 

2. Sulfate standards may be combined with alkalinity and chloride 
standards for use with the 3-channel method. 

3. The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 
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4. Inteferences: 

The cation exchange column removes multivalent cations. Run a 
mid-range sulfate standard containing a typical concentration of 
CaC03 periodically to check performance. Any decrease in peak 
height should indicate the need to regenerate or replace the 
resin. (At 600 ppm CaC03, the column is good for 80 + injections.) 

Samples with pH less <2 should be neutralized. High acid 
concP.ntrati~ns can displace multivalent cations from the column. 

Color will interfere. Dilute the sample and also spike this sample 
to confirm the quality of the result. 

Turbidity- turbid samples may be filtered (use Whatman #1 or 
#4) prior to analysis on Lachat. 

- Orthophosphate also forms a precipitate with barium at high pH. 
Check the response of pure orthophosphate standards, if samples 
are known to be high in P04=. 

5. Troubleshooting: 

A. Baseline noise with reagents pumping. 

1. Noise with column in line but good baseline without column. 

a. Repack column, air bubbles may be causing pulsing. 

b. Check flow fit connectors and end fittings on column 
for blockage or leaks. 

2. Noise with and without column in line. 

a. Degas carrier and/or reagents. Fine bubbles cause 
sharp spikes on baseline. 

b. Place a longer piece of manifold tubing on the outlet 
of the flow cell leading to the waste container. This 
method requires the use of the screw type flow cell. 

c. Replace the pump tubes. The silicone tube, used for the 
color reagent, wears faster than the PVC pump tubes. 

d. With water pumping in the lines, check all hydraulic 
connections for blockages, leaks, etc. 
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1 1. Clean the manifold with the buffered EDTA. 

I 
2. Turn the gain high and use the shortest sample loop possible. 

This improves the linearity of the calibration curve, prolongs 
the useful life of the column, and minimizes the build up of 
BaS04 on the manifold tubing. 

I System Operation: 
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1. Refer to "Auto ~nalyzer Operation Start-up procedure" (SOP# LAA
section A). 

2. Pump reagents through lines until baseline is stable. Then turn off 
pump and insert column. 

3. Pump reagents through the lines before inserting the column. Use n 
short piece of manifold tubing in place of the column. When all air 
has passed and the baseline is steady, turn off the pump and insert 
t'he column. The column should be placed in avertical position with 
flow in the top and out the bottom. In this configuration, the column 
will operate effectively even if the resin packs down more to leave a 
gap at the top. Resume pumping. 

4. Analyze a blank and an EPA check standard at the beginning of 
each run. 

5. Use a 75 ppm spike lev~l. The calibration check standard is 
100 mg/L (D). 

6. To shut down, turn off pump and remove the column. 

To remove the column: 

a. Turn off the pump. 
b. Remove the column. 
c. Join ends of the column with a union. 
d. Replace the column on the manifold with the short teflon tubing 

piece. 
e. Rinse manifold with Milli-Q water. 
f. Rinse manifold with EDTA cleaning solution. 
g. Rinse manifold again with Milli-Q water. 
h. Pump dry. 

Follow "Auto Analyzer Shut-down procedures" (SOP# LAA-Section B). 

Quality Control: 
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2. A qual i ty con tro fcalTI5ra tTo-n~s-ta-n-da-rd-of-:1-00-mg/L~i-s-to-be----------~ 
<~nalyzed, at a minimum, after every 10 samples. If less than 10 
.samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standard are to be rean<~lyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
a 1:1 ratio of sample to standard. Spike recoveries and duplicates 
are to be within acceptable ranges or troubleshooting must be 
performed. 

Ca 1 cula ti ons: 

1. Calculate with the Lachat QuikChem software, in the concentration 
mode, using the IBM-XT computer. 

~~1'/v/J'? 
Michael J. Linskens 
Laboratory Manager 

t<ira.?t~. 
Analytical Laboratory QA/QC Officer 

~i.~ 
Lawrence D. Andersen 
Vice President, Technical Services 
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------- ----------AMMONIA NITROGEN 

Scope and Application: This method is applicable to the determination of 
ammonia-nitrogen in drinking water, surface water, 
groundwater, sludges, soils, and industrial wastes. 

Method: Micro-distillation, Colorimetric 

I Reference: EPA, 1983, Method 350. 2 
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Detection limit: 0.10 mg/L for aqueous samples 
5.00 mg/kg for soils and sludges 

Optimum Ran~: 0.10 - 2.00 mg/L for aqueous samples 
5.00 - 100 mg/kg for soils and sludges 

Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to 
pH <2 and refrigerate at 4oc. Refrigerate soils ans sludges 
at 4oc. Analyze within 28 days of sampling. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Kjeldahl flasks, 100 ml 
Keeney distillation apparatus 
Spectrophotometer, set at 425nm with sipper cell 
E~lenmeyer flasks, 50 ml 
Sulfuric acid, concentrated 
Milli-Q water 
pH meter, 0.1 pH unit sensitivity . 
Volumetric glassware, Class A (pipets and flasks) 
Top loading balance, 0.01g sensitivity 
Graduated cylinders, 50 ml 
Mixing cylinders, 50 ml 
Ammonium chloride (NH4Cl) 
Boric acid (H3B03) 
Mercuric iodide lHglz) 
Potassium iodide (KI) 
Sodium hydroxide (NaOH) 
Sodium tetraborate (Na2B407·10H20) 
Sodium thiosulfate (Na2S203·SH20) 
Analytical balance, 0.0001g sensitivity 
150 ml beaker 
Stir bars and stir plate 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated). 

1. Ammonium chloride stock solution(1000 mg/L): In a 1 liter volumetric 
flask, dissolve 3.819g NH4Cl in approximately 300 ml Milli~Q water and 
bring to volume. 

[C-600-92] 
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2. 

3. 

4. 

Ammonium chloride standardsoTiiTior1Tromgzc)-: -D-flute 10.0mLof-f~e 
ammonium chloride stock solution to 1 liter with Milli-Q water in a 
volumetric flask. 

Boric acid solution: Dissolve 20.0g H3B03 in Milli-Q water and dilute 
to I liter in a volumetric flask. 

Nessler reagent: Dissolve lOOg of mercuric iodide and 70g of potassium 
iodide in a out 200 ml of Mill-Q water. Add this mixture slowly, while 
stirring to a COOLED solution of 160g NaOH in 500 ml Milli-Q water. 
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of 
direct sunlight'; 

5. Sodium hydroxide (IN): Dissolve 40g of NaOH in Milli-Q water and 
dilute to 1 liter. 

6. Sodium hydroxide (O.lN): Dilute 100 ml of IN NaOH to 1 liter with 
Milli-Q water. 

7. Sodium tetraborate solution (0.025M): ·Dissolve 9.5g of Na2B407·10H20 
or 5.0g anhydrous Na2B407 in Milli-Q water and dilute to 1 l1ter. 

8. Borate buffer: Add 88 ml of 0.1N NaOH solution to 500 ml of 0.025M 
sodium tetraborate solution. Dilute to 1 liter. 

9. Sodium thiosulfate (l/70N): Dissolve 3.5g Na2S203·5H20 in.Milli-Q 
water and dilute to 1 liter. (1 ml of this solut1on will remove 1 mg/L 
of residual chlorine in 500 ml of sample). 

NOTES: 

1. Residual chlorine must be removed prior to distillation by pretreating 
the sample with sodium thiosulfate solution. 

2. Pre-steam the distillation apparatus with 10% NaOH before use for each 
batch analyzed. 

3. Cyanate and some volatile alkaline compounds may cause an offcolor 
nesslerization. This off-color can be eliminated by boiling the sample 
at a low pH (pH 2-3) to drive off the compound. This should be done 
prior to the distil1ation step. 

Procedure: Sample must be homogenized prior to analysis to ensure a 
representative sample aliquot. 

Distillation: 

1. All glassware is to be soap and wate washed, tap water rinsed, and 
Milli-Q water rinsed prior to use. 

[C-600-92] 
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3. 

4. 

chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on 
the heater. Set heater control to about 6. Allow the steam reservoir 
to heat up. This unit will take about 45 minutes to heat-up. Turn the 
heater control to about a setting of 9 and bring to boiling. Analysis 
can begin once boiling begins. 

Prepare the distillation apparatus as follows: Steam out the 
distillation apparatus with a 10% NaOH solution. Analyze a blank to 
confirm no trace of ammonia exists (no color change with the addition 
of the Nessler reagent to the distillate). 

Aqueous samoles: 

Place 40 ml or an aliquot of sample diluted to 50 ml in a 150 ml 
beaker. Record the volume used. Add 1N NaOH while stirring very 
slowly until the pH is 9.5 using pH paper. 

To spike: Place 45 ml sample and 5 ml of the 10 mg/L ammonia standard 
to the Kjeldahl flask and continue with procedure. 

Non-aqueous samples: 

Place approximately 1.0g in a 150 ml beaker. Record weight used. 
50 ml Milli-Q water and adjust the pH with IN NaOH, while ~tirring 
slowly, to pH 9.5 using pH paper. 

Add 

To spike: Place l.Og sample, 1 ml of the 1000 mg/L ammonia standard in 
the Kjeldahl flask. Add 50 ml Milli-Q water and continue with 
procedure. 

5. Transfer the pH-adjusted sample to a 100 ml Kjeldahl flask. Add 2.5 ml 
of borate buffer. 

6. Add 5 ml of boric acid to a 50 ml Erlenmeyer flask and place flask at 
the condenser outlet with the.tip of the condenser immersed in the 
boric acid. 

7. Connect the Kjeldahl flask to the distillation apparatus and secure 
with springs. 

8. Open the stopcock to the still on the condensation chamber. Close the 
drain stopcock. The steam will now pass through the Kjeldahl flask. 

9. Steam distill 30-40 ml at a rate of 4-5 ml/min. 

10. Remove the Erlenmeyer flask. 

11. Rinse the tip of the condenser and steam outlet into a waste beaker. 

[C-600-92] 
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Colorimetric Determination: 
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I. 

2. 

3. 

4. 

Prepare the following series of blanks and standards in 50 ml m1x1ng 
cylinders (These do not need to be taken through the distillation 
step). 

ml of 10 mg/L 
ammonium chloride 

solution 

0 
0.5 
1.0 
2.0 
5.0 

10.0 

Oil ute 
to 

50 ml 
50 ml 
50 ml 
50 ml 
50 ml 
50 ml 

Concentration 
(mg/L 

BLANK 
0.10 
0.20 
0.40 
1.00 
2.00 

Add 2.0 ml of Nessler reagent to the blank and standards. Stopper and 
mix by inverting several times. 

After 20 minutes, read the absorbances on the spectrophotometer set at 
425nm using the sipper cell. Zero the spectrophotometer to the 
distilled reagent blank. 

Transfer distilled samples to 50 ml volumetric flasks and dilute to 
50 ml with Milli-Q water. Mix. 

5. Determine the ammonia in the distillate as follows: 

Transfer 25 ml of distillate, or an aliquot diluted to 
25 ml, to a mixing cylinder. 

Add 1 ml of Nessler reagent and mix by inverting several times. 

After 20 minutes, read the absorbance as described in Step 3. 

Calculations: 

1. Aqueous Samples: 

a. Calculate using linear regr~ssion. 

b. Multiply in any dilution factors performed in the distillation and 
colorimetric steps to obtain the final result in mg/L. 

[C-600-92] 
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a. 

b. 

c. 

Calculate using regression to obtain a mg/l value. 

Multiply in any dilution factor performed in the colorjmetric step 
(mg/L). 

Multiply result obtained from "Step b" by 50 and divide by grams of 
sample used to obtain the final result in mg/kg. 

I 3. Spike calculation: 
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% Recovery = 

Where SA = sample 
STD = standard 

Quality Control: 

1. 

2. 

3. 

4. 

Establish a standard curve with the standards listed above plus a 
blank. The standard curve must be carried throu~h the distillation 
process. Record the absorbance check standards l1.00 mg/L) in the 
absorbance check book. The absorbances should remain consistent from 
run to run. If not, necessary troubleshooting must be performed before 
continuing (check wavelength, spectrometer bulb, solutions, etc.). 

A distilled blank and standard (1.QO mg/L) is to be analyzed initially 
and at the end of the analytical run. The standard must be within 
acceptable ranges (± 10% of true value), or troubleshooting must be 
performed. 

A quality control calibration standard of 1.00 mg/l is to be analyzed, 
initially and after every 10 samples. This standard does not need be 
carried through the distillation procedure. The last sample analyzed 
in the run is to be the calibration standard. These standards must be 
within the acceptable ranges {± 10% of the true value) or the samples 
run after the last acceptable check standard are to be reanalyzed. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike recoveries and duplicate results 
are to be within acceptable ranges. 

[C-600-92] 
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Scope and Application: This method is applicable to surfacewater, sewages, 
wastewater, and groundwater. 

Method: Dichromate r_efl ux, Colorimetric 

Reference: EPA 1983, Method 410.4. 

Detection Limit: 20 mg/L 

Optimum Range: 20-700 mg/L 

Sample Handling: Preserve with sulfuric acid to a pH <2 and refrigerate at 
4°C, Analyze within 28 days. 

Reagents and Apparatus: 

1. Dichromate - mercuric sulfate-sulfuric acid digestion solution 
2. Silver sulfate - sulfuric acid catalyst solution 
3. COD standard solutions 
4. Block digestor, set at 150°C 
5. 16 x 100 mm culture tubes with teflon lined screw caps 
6. Eppendorf macropipeter, 0-5 mL 
7. Spectrophotometer, set at 600 nm wavelength with sipper cell 
8. Eppendorf microliter pipeter, 10-100 ul 
9. 2 Repipette Dispensers, 1000 ml 

10. Milli-Q water 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. 

2. 

3. 

Digestion Solution: Add 10.2 g of dried potassium dichromate 
(K2Cr207), 33.3 g of mercuric sulfate (HgS04) and 167 ml of 
con centra ted H2S04 to about 500 ml of Mi 11 i -Q water; dilute to 
1000 ml in a volumetric flask and stir until dissolved. Store 
i n a dark p 1 a ce • 

Silver Sulfate-Sulfuric Acid Catalyst Solution: Add 22.0 g of silver 
sulfate (Ag2S04) to a 2.5[ bottle of cone. H2S04. Stir to dissolve. 

COD Stock Standard, 1000 m~/l: Carefully weigh 0.8500g of dried 
potassium acid phthalate ( HP), dissolve in Mill-Q water and dilute 
to 1 liter in a volumetric flask. Refrigerate. 

4. Working COD Standards: (Prepare fresh monthly and refrigerate.) 

A. 700 m7/L COD Standard: To a 100 mL volumetric flask, add 70 ml 
of Iooo mg L COD Stock Standard and dilute to the mark with Milli-Q 
water. 

COD1-1 
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Notes: 

B. 300 mcr/L COD Standard: To a 100 ml volumetric flask, add 
30 ml of I 00 mg/L stock standard and dilute to the mark 
with Milli-Q water. 

C. 100 m~/L COD Standard: To a 100 ml volumetric flask, add 
Io ml of I 00 mg/L COD Stock Standard and dilute to the mark with 
Milli-Q water. 

D. 50 mg/L COD Standard: To a 100 ml volumetric flask, add 5 mL 
of 1000 mg/L COD Stock Standard and dilute to the mark with 
Milli-Q water. 

E. 20 mg/L COD Standard: To a 100 ml volumetric t"lask, add 2 ml 
of Iooo mg/L COD Intermediate Standard and dilute to the mark with 
Milli-Q water. 

1. If a dark green or turquoise color occurs when sample is added or 
when the tube is being heated; it is over the upper limit of the 
curve and must be diluted. 

2. Interference: Chlorides represent a positive interference. 

3. 

Mercuric sulfate is added to the digestion tubes to complex the 
chloride. Mercuric sulfate can complex up to 2,000 mg/L chloride 
before reacting with dichromate in the sample. If chloride exceeds 
2,000 mg/L, dilute the sample. 

Reagents are corrosive and toxic. Avoid skin contact. 

4. Store standards in the refrigerator. 

5. Store the dichromate solution and prepared tubes in the dark. 

6. To clean the tubes, rinse several times in Milli-Q water. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and 
Milli-Q water rinsed prior to analysis. Rinse digestion tubes and 
caps with Milli-Q water prior to use. Caps deterioriate over 
time. Discard caps after 3 uses. 

2. Into each tube, pipet exactly 1.5 ml of COD digestion solution, 
using repi petter dispenser. 

3. Into each tube, pipet exactly 3.5 ml of the silver sulfate-sulfuric 
acid solution, using the repipetter dispenser, down the side of the 
tube. These tubes may be stored, with caps having teflon liners, 
indefinitely. Store in the dark! 

C001-2 
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3 Milli-Q water blanks 
2-20 mg/L 
2-50 mg/L 
1-100 mg/L 
1-300 mg/L 
1-700 mg/L 

The standards are carried through the d1gest1on step. 

5. · To Spike: In a disposable cup, place 2.5 mL sample, add 2.5 ml 
of the 300 mg/L standard. Mix well. Take 2.5 mL of this mixture, 
proceed as follows. 

Using the Oxford 0-5 ml pipet, add 2.5 ml of sample, standard, 
blank or spike to the tube. Be careful to avoid air bubbles in 
the pipet tip and to eject all of the sample. Cap tubes tightly 
and mix by inverting 10-12 times. 

6. Place tubes in a block heater at 150°C for 2 hours. Block heater 
should be preheated at least 1 hour prior to use. 

7. Remove tubes from block heater. Cool to room temperature. Read the 
absorbance on spectrophotometer, set at 600 nm, using the sipper 
cell. Samples can be stored in refrigerator overnight and read 
the next day. Do not shake tubes. Be very careful not to aspirate 
any of the precipitate in the bottom of the tube. Initially zero 
with the blank standard, and after 20 samples rezero. 

Qua 1 i ty Contra 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistant from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, spectrophotometer bulb, 
solution, etc.) 

2. A quality control calibration standard of 100 mg/L COD is to be 
analyzed, initially and after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within the acceptable ranges or 
the samples run after the last acceptable check standard are to be 
reanalyzed. Record the calibration standards in the quality control 
book. The confidence limits are noted in the quality·control book. 
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3. Duplicate and spike a miniumum of 1 out of 10 samples. If less than 
10 samples are analyzed. a duplicate and spike are still required. 
Duplicates are to be averaged. Spike recoveries and duplicate 
results are to be within acceptable ranges. 

Calculation: 

1. Calculate using linear regression. 

To Calculate Spike: 

% Recovery = 

Michael J. Linskens 
La bora tory Manager 

1<~ ~l·DVO C". 

[AL-1-13] 

(spike value) - (O.S)(sample value} x 100 
150 

Revision Date 

7-23-86 
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1 Scope and Application: This method is applicable to surface water, sewage, 
wastewater, and groundwater. 

II Method: Wet oxidation, non-dispersive infra-red detection 
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Reference: EPA 1983, Method 415.1 and OI Model 524C Total Carbon System Manual 

Detection Limit: 1.0 mg/L 

Optimum Range: 1.0-25 mg/L 

Sample Handling: Acidify with concentrated sulfuric acid to pH <2 and 
refrigerate at 4°C. Analyze within 28 days. 

Reagents·and Apparatus: 

1. 01 Model 524C Total Carbon System 
2. 10 mL sealed ampules 
3. Commercial grade 02 gas 
4. Disposable propane gas cylinder 
5. Commercial-grade N2 gas 
6. Eppendorf microliter pipet, 100-1000 uL 
7. Eppendorf macropipet, 0-5 ml 
8. S i 1 i cone grease 
9. Saturated potassium persulfate solution 

10. Organic carbon standard solutions 
11. Phosphoric acid solution, 10% 
12. Milli-Q water 

Reagent Preparation: 

1. Total Organic Carbon (TOC) Stock Solution, 1000 mg/L: Dry potassium 
biphthalate (KHP) at l0S°C for 2 hours. Cool in a dessicator. 

2. 

Weigh exactly 2.1254 g KHP and dilute with Milli-Q water to 1000 
mL in a volumetric flask. 

Standard Carbon Solutions: 

25 mg/L TOC Standard: To a 1000 mL volumetric flask, pipet 25.0 mL 
stock carbon solution, and dilute to the mark with Milli-Q water. 

10 mg/L TOC Standard: To a 1000 mL volumetric flask, pipet 10.0 mL 
stock cabron solution, and dilute to the mark with Milli-Q water. 

5 mg/L TOC Standard: To a 1000 mL volumetric flask, pipet 5.0 mL 
stock carbon solution, and dilute to the mark with Milli-Q water. 

3 mg/L TOC Standard: To a 1000 mL volumetric flask, pipet 3.0 mL 
stock carbon solution, and dilute to the mark with Milli-Q water. 

TOCl-1 
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3. 

4. 

Notes: 

1. 

Milli-Q water. 

Potassium Persulfate Solution, Saturated: Fill a 1 liter glass 
stoppered bottle 3/4 full with Milli-Q water. Add potassium 
persulfate until no more crystals will dissolve. 

Phosbhoric acid solution, 10% (v/v): Add 100 ml of phosphoric acid 
to 9 0 mL Milli-Q water. 

Contamination can be a problem. Keep ampules covered with aluminum 
foil after opening. 

2. Purge and seal the ampules believed to contain the lowest carbon 
content first. 

3. Always use clean purge tubes and purge cones. Clean with Milli-Q 
water, or a 10% HCL solution followed by Milli-Q water rinse. 

4. The flow rate of N2 must remain constant. 

5. Changes in flow rate may be due to: 

a. Exhausted primary drying tube 
b. Leaky ampule seal 
c. Glass lodged in purge tube 

6. Check zero and span settings monthly. 

7. Change secondary drying tube daily. 

8. Leave IR power on. 

9. High suspended solids can give variable results. It is important 
that the sample is well mixed prior to measuring out the sample. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and Milli-Q 
rinsed prior to analysis. 

2. Snap open an ampule along scoring. 

3. Using Eppendorf 1000 microliter pipet, pipet 1000 uL of saturated 
potassium persulfate solution into ampule. 

4. Using calibrated Oxford macropipet, carefully pipet 5.0 mL of 
·sample into ampule. 

5. Using Eppendorf 1000 microliter pipet, pipet 200 uL of 10% phosphoric 
acid solution into ampule. 

TOCl-2 
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7. Purge each sample for at least 6 minutes with nitrogen (N2) gas. 

8. Light microburner. Place ampule into clamping assembly, leaving purge 
tube in-place in ampule. Base of ampule should be snug with base of 
clamping assembly. 

9. Swing microburner into place and seal ampule. 

10. Continue pur~ing while sealing the tube being careful not to fuse 
the purging tube while sealing. Do this by raising the purge 
tube just above the sealing point of the ampule. 

11. Swing microburner back as soon as ampule is sealed. 

12. Remove sealed ampule from holder. Open clamping assembly and drop hot 
ampule tip into a beaker partially filled with water. 

13. Continue with steps 8-11 for the remaining samples. 

14. Place ampules in an oven set at 95°C for 2 hours. Cool. 

15. Place plastic stress adaptor and gum rubber seal on neck of ampule. 
(Silicon grease may be necessary.) 

16. Place ampule in breaking assembly and turn clamping screw until ampule 
is firmly in-place. Check seals to make sure these are no air leaks. 

17. Lower purge tube until it is level with the tip of the ampule. 

18. Open zero gas valve (N2). Adjust flow to 13 (200 ml/min.) on 
flowmeter. Purge air from top of ampule until integrator stops. 
Clear integrator. 

19. 

20. 

21. 

22. 

23. 

24. 

Close zero gas valve (N2). Wait for flow to drop to zero. 

Raise purge tube clear of plunger cutters. 

Break ampule with a downward, twisting motion. 

Check ampule for cracks or leaks. 

Put purge tube down into solution in ampule, about 1/8" from bottom. 

Open zero gas valve (N2). Flow rate should be 13 (200 mL/min.). 

25. Allow ampule to purge until integrator stops. 

26. Record the reading and clear the integrator. 

27. Remove ampule from assembly and discard. 
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Daily Instrument Set-Up: 

1. Check to make sure the IR detector is on (red light should be on). 
If not left on, allow warm-up time of at least one hour. 

2. Place standardization vial with plastic adapter and gum rubber seal 
in ampule-breaking assembly. 

3. Turn valves on front panel to "Ampule Mode" and "I.R. Flow". 

4. Open N2 valve on top of tank (pressure regulator set at 20 PSI). 

5. Open zero gas {N2) valve by lifting handle straight out. 

6. Adjust flow rate to a flow meter reading of 13 (200 ml/min). 

7. Turn integrator unit on clear and zero. 

8. Check purging and sealing unit to ens~re that a disposable propane gas 
cylinder is connected to adapter. 

9. Open 02 valve on top of tank (pressure regulator set at 20 PSI). 

10. 

11. 

12. 

13. 

Turn on catalyst heater on front panel of purge and seal unit. Allow 
unit to purge at SOOoC for one hour. 

Check the ascarite in the tubes in the sides of the units. It should 
be brown to light tan in color. If white, it is C02 saturated and must 
be replaced. 

Check drying tubes on front of ampule panel. If they appear wet or 
"clumpy", replace with fresh dessicant (magnesium perchlorate). 

Change secondary drying tube. 

I Daily Instrument Shut-Down: 

I 
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1. Turn integrator power switch off. 

2. Close 02, propane, and N2 cylinder va 1 ves. 

3. Close 02 and N2 toggle valves. 

4. Remove and clean cutter plunger and barrel with Milli-Q water. Wipe dry. 

5. Lubricate 0-rings with silicone grease and re-install cutter plunger and 
barre 1. 

6. Re-install standardization vial. 

7. Turn catalyst heater switch off. 

8. Leave I.R. power on. 
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Qua 1 ity Con tro 1: 

1. Standard curve is to consist of the following standards; set 
in duplicate: 

Milli-Q water blank 
1.0 mg/L 
3.0 mg/L 
5.0 mg/L 

10 .. 0 mg/L 
20.0 mg/L 

2. The quality control check standard is to he analyzed before and 
after every 10 samples. The 10 mg/L check standard must be within 
the critical levels or the samples analyzed prior to the last 
check standard are to be reanalyzed. Before the samples are 
reanalyzed, the analyst must diagnose the problem and consult with 
the laboratory supervisor until the problem has been resolved and 
approved. Record the result of the check standard in the quality 
control check standard book. 

3. Duplicate 1 out of 10 samples. 
a duplicate is still required. 

If less than 10 samples are analyzed, 
Average the results. 

4. Spike 1 out of 10 samples. If less than 10 samples are analyzed, 
a spike is still required. For spikes, pipet 4 ml of sample 
and 1 mL of 20 mg/L organic carbon standard. Spike recoveries 
and duplicate results are to be within acceptable calculated ranges. 

Ca 1 cu 1 at ion: 

1. Plot a standard curve from a series of standards. Calculate directly 
from graph. 

2. Calculate using linear regression. 

Michael J. Linskens 
Laboratory Manager 

¥\~':j~ 
Kim D. Finner 
;;: Assuray:') Officer 

(4-~-rk~ 
awrenceD:-- Andersen -

Vice President, Technical Services 

[ALM-1A-1] 
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Scope and Application: This method is applicable to drinking water, 
surface water, groundwater, domestic and industr1al 
wastewaters. 

Method: Gravimetric, dried at 103-105°C 

Reference: EPA 1983, Method 160.2 

Detection limit: 2 mg/l (using a 500 ml sample volume) 

Sample Handling: Refrigerate at 4°C and analyze within 7 days of sampling. 

Reagents and Apparatus: 

l. Glass fiber filters, Whatman GF/C 
2. Gelman filtration funnel and support 
3. Suction flask, 1000 ml. 
4. Aluminum foil weighing dishes 
5. Graduated cylinder, 100 ml 
6. Drying oven set at 103-105°C 
7. Dessi ca tor 
8. Analytical balance 
9. Deionized water 

Notes: 

1. Interferences: Samples with high dissolved solids may have a 
positive interference, and the filter should therefore be rinsed 
well w1th deionized water under suction after the sample has gone 
through the filter. 

2. Select a sample volume that will filter without overloading the 
filter. The amount of vacuum applied to filter the sample should 
not be excessive. Excessive vacuum will cause the filter to 
breakdown and lose weight. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed, and 
deionized rinsed prior to analysis. 

2. Prepare the glass fiber filter by placing it on the filter support, 
applying vacuum, and rinsing with three-20 ml portions of deionized 
water through it. 

3. Place the filter in an aluminum weighing dish and dry at 103-105°C 
for one hour. 

4. Place in a dessicator, and cool before weighing (at least one 
hour). Repeat this cycle until a constant weight (+ 0.5 mg) is 
obtained. Filters may be prepared ahead of time and stored in 
the dessicator until ready to use. 

TSS1-1 
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I 6. Assemble the filtering apparatus. Begin applying vacuum. Wet 
the filter with a little D.I. water. · 
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7. Shake the sample well and pour an appropriate volume using a 
graduated cylinder. The use of pipets is required for volumes 
of 25 ml and less. Record the volume. 

8. With the vacuum still on, rinse the apparatus with 3-10 ml 
portions of D.I. water. Continue the vacuum until filtration 
is complete. 

9. With forceps, carefully remove the filter from the support an~ 
place in the same aluminum dish. 

10. Place in the drying oven and dry at 103-105°C for one hour. 

11. Cool in a dessicator for one hour and weigh. Record the weight. 

12. Repeat drying cycle until weight change is <0.5 mg. Record the 
final weight. 

Qua 1 i ty Control: 

1. Dup1 i ca te 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate is still required. Duplicates should be within acceptable 
ranges. Duplicates are to be averaged. 

2. A blank dish and filter are carried through the entire procedure, as 
a check on contamination (cleanliness of dishes, oven, pipettes, etc.) 

Calculations: 

TSS, mg/L = (A-B) x 1000000 
c 

Where A = weight of filter, aluminum pan and residue (g) 
B = weight of filter and aluminum pan (g) 
C = sample volume (ml) 

Michael J. Linskens 
Laboratory Manager 

Kim D. Finner 
Analytical Labora ry QA/QC Officer 

~1 
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TOTAL-OJ SSOL-VID-SOL-lDS-- ---------------

This method is applicable to drinking water, surface 
water, groundwater, and domestic and industrial 
wastewaters. 

I Method: Gravimetric, dried at 180°C 

Reference: EPA 1983, Method 160.1 

Detection Limit: 10 ~g/L (using a 100 ml sample volume) I 
II Sample Handling: Refrigerate at 4°C and analyze sample within 7 days of sampling. 

Reagents and Appa ra tu s: 

I 1. Glass fiber filters, Whatman GF/C 
2. Ge 1 rna n fi Jtra ti on funne 1 and support 
3. Suction flask, 1000 ml 
4. Porcelain evaporating dishes 
5. Graduated cylinder, 100 ml I 
6. Drying oven at 180°C + 2°C 
7. Dessicator -
8. Analytical balance II 
9. Deionized water 

I Notes: 

I 
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1. Interferences: Samples with high concentrations of bicarbonate, 
Ca, Mg, Cl, and S04 will require prolonged drying, dessication, 
and rapid weighing. 

2. Total residue should be < 200 mg. Excessive residue (>200 mg) 
is difficult to dry thoroughly. Use a smaller volume if TDS is 
suspected to be high; likewise use a larger volume if TDS is 
suspected to low. 

3. Groundwater samples which have already been filtered through a 
0.45 micron membrane filter do not need to be carried through 
the filtration step of the procedure. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and 
deionized rinsed prior to analysis. 

2. Evaporating Dish Preparation: If volatile dissolved solids is 
also to be analyzed, prepare the evaporating dishes by ashing at 
550 +5ooc for one hour in a muffle furnace. 

Otherwise, heat the dishes at 180 + 2°C for one hour. Cool in 
dessicator. Weigh. Record the weight. The dishes must be cool 
before being weighed (about one hour). Repeat this cycle until 
a constant weight is obtained (~ 0.5 mg). Weigh just before use. 

TDSl-1 
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3. Filter Preparation: Place the glass fiber filter on the filtration 
support, place the funnel on top, and wash the filter with three-20 

· --rr;c-portions ofaeion-ized water wnflevacuum is appriei:f~. -o-;scara-------
the washings. The filters may be prepared ahead of time. If 
this is the case, dry them for 1 hour at 103 - 105°C and store 
in the dessi ca tor until needed. 

4. Assemble the filtering apparatus, place a prepared filter on 
the support and begin suction. Shake the sample and measure out 
100 ml in graduated cylinder. 

5. Filter the sample, then rinse the cylinder and funnel with a small 
amount of deionized water. Apply vacuum until all the sample 
has been filtered. Rinse with 3- 10 ml portions of D.I. water 
and continue the vacuum until filtration is complete. 

6. Pipet 50 ml of the filtrate (less, if the sample is expected to 
have a high dissolved solids content) into a prepared evaporating 
dish. 

7. Evaporate the sample to dryness in the oven at 180 ±2oc. Cool 
in a dessicator for at least one hour and weigh. Repeat the 
drying cycle until the weight loss is <0.5 mg. 

I Qua 1 i ty Con tro 1: 
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1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate is still required. Duplicates should be within acceptable 
ranges. Duplicate results are to be averaged. 

2. A blank must be analyzed with each run. (This is a check on 
contamination, cleanliness of dishes, oven, pipettes, etc.). 

Calculation: 

TDS, mg/L = (A-B) x 1000000 
c 

Where A = weight of dish plus residue (g) 
B =weight of dish (g) 
C = volume of filtered sample used (ml) 

Michael J. linskens 
laboratory Manager 

L ~~NVN.A 

[ALM-5-16] TDSl-2 

Revision Date 

7-23-86 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-------- --- -~ ~ 

CATION EXCHANGE CAPACITY OF SOILS 

Scope of App~l1Ga-t-i on~:-Th-1-s-me-thod- i-s-app~l-i~c;abl e-to-so~i-1-sampl es-col-1-ec-ted-as 
part of the American Chemical Services RI/FS. A total 
of 20 soil samples are anticipated. 

Method: Cation exchange capacity of soils. 

Reference: ASA-SSSA, 1982. Methods of Soil Analysis, Part 2. Chemical and 
Microbiological Properties. Agronomy Monograph No. 9 (2nd 
Edition). 

Sample Handling: Samples will be air dried at 60°C upon receipt. A separate 
samp 1 e a 1 i quot will be oven dried to determine moisture 
content. Samples will be stored until analysis. 

Interference - Corrective Action: 

Quality Control 

If the soil is initially high in salts 
(EC ~ 4 mmho/cm) wash the soil with one 
33-ml increment of water before beginning 
saturation (avoid excessive washing to 
prevent loss of particles during 
decantation). 

1. Laboratory duplicates should be run at a frequency of one per ten 
investigative samples and at least one per sample set. Duplicates should 
agree within 20 percent. 

Apparatus: 

1. Atomic absorption spectrometer 
2. Centrifuge 
3. Round-bottom, narrow-neck centrifuge tubes, 50 ml 
4. Ultrasonic disperser with microtip focusing horn 
5. Reciprocating shaker 
6. Balance (.01 g sensitivity) 
7. Automatic coulometric/amperometric cl-titrator 

Reagents: 

1. Saturating solution, 0.4N Na0Ac-0.1N, NaCl, 60% ethanol, pH 8.2 solution: 
Combine 544.32 g of sodium acetate (NaOAc), 58.44 g of sodium chloride 
(NACl), and 6 liters of ethanol, and dilute to 10 liters with distilled 
water. Adjust the pH by stirring and dropwise addition of 6N sodium 
hydroxide (NaOH). Determine the Na/Cl ratio of this solution. 

2. Extracting solution, 0.5N magnesium nitrate [Mg(N03)]: Weigh out 641.1 g 
of Mg{N03)2·6H20, and dilute to 10 liters. 
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3. Suppresant solution for Na+: Add 6.358 g of lithium chloride (LiCl) and 
make to 1 liter in distilled water (0.15N). 

4. Nitric acid-acetic acid/polyvinyl alcohol (PVA): Dissolve 1.8 g of 
powdered PVA in 100 ml of demineralized water with heating and stirring, 
cool to room temperature. Add 6.4 ml of cone nitric acid (HN03) and 100 
ml of glacial acetic acid to a 1-liter volumetric flask containing 600 ml 
of demineralized water, and mix thoroughly. Add the cooled PVA solution 
to the nitric acid-acetic acid solution, mix, cool, and make to volume 
with demineralized water. Store this nitric acid-acetic acid/PVA reagent 
in a tightly stoppered container at room temperature. This reagent is 
stable for at least 12 months. 

Procedure: 

Sample Preparation 

1. Weigh out samples of 4 to 5 g of air-dry soil (correct to oven-dry 
moisture content as determined using a separate subsample}, and place in 
centrifuge tube. 

2. Add 33 ml of saturating solution, stopper the tube, and shake for 5 min. 
Unstopper, and centrifuge at relative centrigual force of 1,000 until the 
supernatant liquid is clear (about 5 min}. Decan the supernatant liquid 
and discard. Add fresh saturating, solution, insert sonifier tip, and 
"sonify" for 10 to 30 sec to disperse sediment, then continue as above. 
Make four successive "equilibrations," discarding the supernatant liquid 
each time. 

3. Add 33 ml of extracting solution, shake for 5 min, centrifuge until the 
supernatant liquid is clear, and decant the extracted solution into a 
100-ml volumetric flask. Repeat the extraction steps two more times with 
fresh extracting solution, and make to volume. 

4. Determine Na+ (Nat) and cl-(Clt) in dilutions of this extracted solution 
using standards made up in the same batch of extracting solution. 
Chloride is determined so that the soluble Na+ (Nasol) carried over from 
the saturation step to the extraction step can be deducted from the total 
Nato obtain exchangeable Na+ (Naexch): 

CEC = (Nat - Nasol) = Nat - (Clt) (Na/Cl)sat sol 

Chloride Determination: 

5. Add 4 ml of nitric acid-acetic acid/PVA reagent together with a sample 
aliquot ((3 ml) to a titration vial. 

6. Position vial in the coulometric/amperometric titrator, immersing the 
electrode assembly into the solution. 
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7. Zero the timer, and initiate automatic titration at low, medium, or high 

current setting. Note the titration times of blank, standards, and 
samples. 

Sodium Determination 

8. Add enough lithium chloride suppressant solution to sample, blank and 
standard aliquots to give 10% {by volume) in the final solution. 

9. Adjust the atomic-absorption spectrometer controls and settings for 
sodium as recommended by the manufacturer. 

10. Calibrate the instrument with at least 4 Na standard solutions ranging 
from 0 to 1 meq/liter. 

11. Any dilutions should be made in such a way that the standards and 
unknowns have the same final Mg{N03)2 concentration. 

12. Record results in meq Na+/liter of aspirated solution. 

Calculations: 

Cloride 

c1- in meq/liter 
= (K) (Titration time of sample minus titration time of blank)/aliquot 

where K is a standardization factor and aliquot is sample size in ml. 

K = (Volume of cl- standard in ml) (Cone of Cl- standard in 
meq/liter/(titratfon time of standard minus blank). 

Sodium: 

Na+ meq/liter original sample 

= (meq Na+/liter in aspirated sample) x (analytical dilution factor) 

Cation Exchange Capacity: 

CEC in meq/100 g = (10/weight soil sample in g) 

[{Na concentration in meq/liter) (DFNa) - (Cl concentration in meq/liter) 

(DFcl) {NaCl)sat sol] 

where OF represents the dilution factor, i.e., {final analytical volume in 
milliliters)/(aliquot volume in milliliters). 

[jpl-602-47] 
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GRAIN SIZE ANALYSIS OF SOIL 

Scope and Application: This method is applicable to soil samples collected as 
part of the l•luskego Sanitary Landfi 11 RI/FS. The 
Muskego site RI/FS is a PRP lead investigation. 

Method: Particle size analysis of soil. 

Reference: ASTM Methods 0421, and 0422 and 02217 (see attached). 

Detection limit: 

Sample Handling: 

2 percent by weight. 

Samples will be air dried at 60°C upon receipt. After 
drying. the sample, or a representative portion of the 
sample, will be separated into fractions passing and 
retained on a 2mm sieve per ASTM Method 0421 or 02217. 
The fractions will then be stored until analysii • 

Reagents and Apparatus: 

1. Balance (0.01 g sensitivity) 
2. Dispersion cup 
3. Hydrometer 
4. Sedimentation cylinder . 
5. Thermometer (O.Soc· sensiti"vity) 
6. Sieves (see ASTM 0422 Section 3.6) 
7. Temperature controlled room (+1°C) 
8. 4% Sodium hexametaphosphate solution 

Reagent Preparation: 

The sodium hexametaphosphate solution is to have been prepared within 30 
days of use. 

Procedures: 

1. The sample fraction greater than 2mm is fractioned by sieving using 
sieves and procedures as outlined in Section 6 of ASTM 0422. The sum 
of the masses of the sieved fractions should be within + 2 g of the 
original fraction rMss. -

2. Determine the hygroscopic moisture content of the less than 2mm 
fraction by drying a minimum 10 to 15 g subsample to constant weight 
at 110 plus or minus 5 degree C. 

3. Disperse a 50 g sample if the sample is primarily silt and clay or a 
100 g sample is primarily sand for one minute using a dispersion cup 
as outlined in Section 9 of ASTM 0422. 

GRAIN 
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4. Transfer the dispersed sample to a sedimentation cylinder, suspend the 

sample by successive inversions and record hydrometer readings after 
sedimentation times of 1, 2, 3, 6, 15, 60, 120, 300, 420 and 1440 
minutes • 

5. After hydrometer readings are complete, the hydrometer and hygroscopic 
moisture specimens are combined with the remaining PlO and R10 material 
for sieving • 

Reportables: 

1. Submit all raw data including container tare weights, hydrometer 
readings (along with any correction factor associated with the 
hydrometer used) and temperatures • 

2. A data summary will be provided as described in Sections 17 and 18 of 
ASTM Method 0422 • 

Quality Control: 

1. Laboratory Duplicates will be run at a frequency of one per ten 
investigative samples and at least one per sample set. Duplicates 
should agree within 10 percent. 

2. If performance criteria for duplicates is exceeded, the Warzyn project 
manager (Mike Radcliffe, 608-273-0440) should be notified as soon as 
possible so a determination regarding reanalysis can be made. 

KDF/OLN/RHW 

[KAW-7-26] GRAIN 
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.... 9 •. ·--- --- -i)-· - - - -· · • · - S • 111 s•r~roccdUiei'irc bc1ng only 1n terms of actual findings and make cverj · 
,mparcd by A .™ Cornmiucc 0·18. cffon to collect and include all field and Ia~ 

9.~ The sod and .rock investigation should ratory data from previous investigations in tl(·. 
:onmt or the/ollowlng steps. same area. Extrapolation of data into 1~ 

9.2.1 A rcv.lew. of all available ~nformation areas not surv.eyed and. tested can be done oc}j 

1n th~ geolog1c htstory and formauon of rock, ~~ere geolo~1cally un1form subsurface dis~ 
tr ~oil, or both, and ground-water conditions sllton of sot! and rock are known to c.til;· 

ll'~urring at the proposed location and in the Engineering propcnics of the soils and rocti Standard Practice for 1 

mmcdiatc vi~in.ity. . . encount.cred on imponant projects 1hould ~· DRY PREPARATION OF SOIL SAMPLES FOR PARTICLE-

9. 2.2 On-sate m.vest1gau~n of the surface and be p~ed1c~cd wholly on lield identifications~ · SIZE ANALYSIS AND DETERMINATION OF SOIL 1 

uhsurface matenals by e1ther wash borings, clamficallon but should be checked by bbo; ~ 

a:tnu· or power-auger borings, test pits, rotary ratory and field tests made on samples coli~~ •. ·•. CONSTANTS 1 . I 
tr cahlc·tool (churn) drilling, and geophysical in accordance with 8.1 and 9.1. ·. 1 ~~ 
•tel hods. I 1.2 The recommendations for design ~ · · ·wn41rd is iuucd under the tiacd dcsian•tion 0 H 1: the number immediately followina the dc•ian.aion indic>tcsthc ,..., of 

\1.2.2.1 A determination ofthe depths to wa- rametcrs can be made only by profcssio~ ii!¥uladoptiot.or,lnthccascofrcvision.aheycaroflallrcvi•ion.AnumbtrinparcnlhcKtilldintuthcycarofl.~lrul'l'fu•al. 

:r Ia blc and firm fou nda lion ma !erial, either engineers or geologists who have spccializc4 •. ~·ncrlpl rpsilon I•) indicatu•n tditorlal cllanJr since lhe 1as1 rrvision or rupproval. I 
cJmck or satisfactory load-bearing soils. th~ field of soils and foundations or highWJj · !.: · 

9.2.2.2 Field identification of soil and rock engineering, and who are familiar with ~· ~-Scope ble for breaking up the aggreg:11ions of soil par-

tpcs with depth records of their occurrence, problems for which the study is being made;' . · ~I.J.This practice covers the dry preparation ticles. I 
nd location of their structural discontinuities. Soi.l mechanics, rock mechanics, and geomri. :thoil $3mples as received from the field for 4.3 Sicws-A series of sieves, of square mesh 

IJ.2.2.3 The recovery of representative dis- phological concepts must be combined with 1 'puticle-sizc analysis and the determination or woven wire cloth, conforming to SPecification 

trbcd samples for laboratory classification knowledge of structural or pavement cngin«fj- 'lk soil constants. E II. The sieves required are as follofs: 

:s1~ of ~oil, roclc, and local consti'\Jction mate- ing in order to malce a complete application t( · ' 1.2 This standard may involyc hazardous ma· No. 4 (~.H·mm) I 
nl. These should be supplemented by undis- the results of the soil and rock survey. A moci· :lrrtnls, oprrations, and t•quifnnc:nt. This standard No. 10 (2.00·mm) 

trhcll ~rccimcns suitable for the determination detailed study than that envisioned by tbll· .dxs not purport to address all ofthr sufi·tr pmh- No. 40 t•lS-pm) 

f those engineering properties pertinent to the rcc?mmcndcd practice may be necessary bcfOR. /~71u associated u·ith its 11.rc. It is tl"• rcspcmsibil- 4.4 Smuplc•r-A riffic sampler or sample split· 

11·c~1igation. dcs1gn recommendations can be made. :~l )ro/ll'hW~•cr usrs this swudurd to consult unci ter, for quartering the samples. : 

9.2 . .1 An evaluation or performance or exist- .:f :tJiaMlslt appropriatl! sa[C"t.Y and health practices I 
b installations in the immediate vicinity of 12. Report .;·. rrJdrtrrmitl('tfl('npplicabilit)'O/T£•gulatorylimi- 5. Sampling , 

c proposed site, relative lo their foundation 12. 1 A ·} · :~t·.·,_.l.cllll prior to usr. 5.1 Expose I he soil sample :u received from 

aterial and environment. aubsurface Investigation repo~~ the field to the air at room tcm""'r~ture until 
should: 1 .,... 

'· Clas~incarlon of Material 

10.1 Treat samples of soils and rock submit· 
d to the laboratory for idcntiCication and 
1.~.~ification lcsts in accordance with one of 
e following: 
10.1.1 Test Method D 2487. 
I 0.1.~ Practice D 3282. 
IO.I.J Descrip1ive Nomenclature C 294. 

tis is a brief, useful description of the more 
mmon minerals and rocks as they occur in 
.I urc. 

. lnlcrprctatlon o( Results 

11.1 Interpret the results of an investigation 

12 · · 1.1. _Applicable Documents dried lhoroughly. Break up the aggregdtions thor· 
.I. I Locate the area investi~alcd in tc,;,.' :~ _ 1 

• 
0 

"""' "'1;._2.1 t!STM Standards: oughly in the monar with a rubber-covered pcs-

pcrttncnt to the project. This may include' .••. ::. 02217 Praclice for Wet Preparation of Soil tie. Select a representative sample of the amount 

sketch maps or aerial photos on which the lc:ll ~ . . 0 
required to perform the desired tc~ts by the 

holes, pits, and sample areas arc located, ai j-:· Samples or Pan•cle·S•zc Analysis and C· method ofquancring or by the use orla sampler. 

well as topographic items relevant to the dctct: -!i' termination of Soil Constants2 
1 

mination of the various soil and rock ty~: .. r E II Specification for Wire-Cloth Sieves for The amounts of material required to pcj rform the 

h t Test1'ng Purpos~s) individual tests arc as follows: 
sue as contours, streambeds, pot holes, clir&;· }- ~ 

W r · _;.· S.l.l Parlidc-Si:c Anah·sis-For the particle· 
etc. here easible, include a geologic map rl · 1 

the area investigated In the report. :; ,;). SlgniOcance and Usc size analysis, material passing a No. tO (2.00-

12. 1.2 Include copies of ali borings and' IQt• ~: 3.1 This practice can be used to prepare sam. mm) sieve is required in amounts equal to 115 & 

h 1 1 d f Ill · of sandy soils and 6~ g of either silt o~ clay soils. 
o e ogs an o. a aboratory test results.·. ;: :·fin for panicle-size and plasticity tests where II 5.1.2 Tt•.riJ for Soil Ctm.rtallf.r-For the tests 

12.1.3 Dcscnbc and relate the findings ob; 
1i desired to determine test values on air-dried for soil constants, material passing the No. 40 

tained under Sections 3, 4, 5, and 6, using tbt. ·::s:~mplcs, or where it is known that air drying I 

subhead titles for the respective sections. • ~6ocs not have an effect on 1cs1 results relative to 
·! 

IM .imrnr~• Sorin,r for Trulnt ontl Morcr/o/1 roktl M pollllofl ltlpurl~tiAt rolitll•y of Dll)' pa1t111 rltAIJ o11trtrl li. 
,,·:·,,,,~ .. -olt any· ftrnr mtntlontd Jn tJ./1 IID."darJ. Uur1 ~JtAIJ Jtondord llrt txprtuiJ' aJrlud t~DI Jttllnllnatlon tJ/tltt ra114ti:. 

'"' ""A porrnl "tAtt, ant/ rAr rl1k ofi,.Jr••trnttnr of .ruc~ rltAIJ, art tflllrrly IAtlr ow11 rupot~slbllity. ·f 

-, ... mplcs prepared in accordance with Practice 'Tlli' practice h under the juri...tiction or ASTM Com mill.., 
.. 0.11 on Suil and Rock and is the dirca rui>onubilitr of 

:
lD 2217. Subcommimc 011.01 on Tcaturc. Pl>uicity,and D<noity 011r· 
f arttriuic' or SoiiL 1 

n,;, JlonJottl u Nbjtcr ro rt•Ulo• or a11y 1/mt.by rllr rttpo1Uibtt rrcllft/cat romm/Url a•d mwJI bt rnlrwttl '"'Y flu ·~· 
I if""' rtrlutl, tlrAcr rropprortd or wlrAdra..,._ Your commrnfJ tlft lt~rlltd tiiAtr for rtriJion of 1Ais JIDntlartl or for Ddd~ :: 
"'""'

1 
""" Jlt'"'"' br 4dtlrnutl t/1 A ST/tllltatl'{uartus. Yaur commtrtfl "''" ttctlrt (11rtjwl CDfltftltralfo11 Dl a mtll(fll o/llw ;. 

>on,.hJr lrtAnlca/ c•mmlurt, wAle A yow moy afltfld. If youftttiAalyowr commtniJ A art nor fletlud 11 fair Atorlnfyow •'ov!J • 
tr )YOur rlt•·I4110•'II IO llot ASTJ.f Commlntt on Slontlar.U,/916 llort St., PAI/odtlpAio, fa. 19101. 1 .. 

I . . , ~-

Current tdition appcovcd July 26, 1915. Publit.hcd S<plcm· 
·:~. Apparalus btr 191S. Oriainallr publi,hcd u 0 421 -Js T. i...a,, pcniuu' 
1 1 ·· 0 cdition0421-SI(197S)". 
f' 4.1 lla all('(', Se nSIII ve tO · I g. I .lmrual o,.J.: if ASTM S1anJarJt. Vol 0-1.01. 

~:· (2 Mortar tllld Rubht'r·Cm·,•rc•d p,•.flll', suita- 1 .~mrunl B••J.: (!( ASI'AI Slut~JurJt, Vol 14.02. 
r, 
~. 
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(425-pm) sieve is required in total amount of220 
g. ~llocatcd as follows: 

Test 
Liquid limit 
Plastic limit 
Centrifuge moisture equivalent 
Volumetric shrinkage 
Check tests 

Grams 
100 

IS 
10 
30 
6.5 

ond sieving free or all fine material, drj, aOd 
weigh. Record this mass as the mass of coane 
materiaL Sieve the coarse material, aner bein& 
washed and dried, on the No.4 (4.75-mm) si~ 
and record the mass retained on the No.4 sieve. 

7. Test Sample for Particle-Size Analysis Standard Method for 

PARTICLE-SIZE ANALYSIS OF SOILS 1 

6. Preparation of Test Sample 

6.1 Select th~l portion of the air-<lried sample 
~lcl·tcd for purpose of lesls and r«:ord the mass 
as the mass of the total test sample uncorrected 
for hygroscopic moisture. Separate the test sam· 
ric hy sieving with a No. 10 (2.00-mm) sieve. 
Cirind that fraction retained on the No. 10 sieve 
in a mortar with a rubber-covered pestle until 
the aggregations of soil panicles are brolcen up 
into the ser>arale grains. Then separate the 
ground soil into two fractions by sieving with a 
No. 10 sieve. 

7.1 Thoroughly mix together the fracrio~ 
passing the No. 10 (2.00-mm) sieve in both sieY.~ 
ing operations, and by the method of quarterirc' 
or I he use of a sampler, select a portion weighint: Jl.lndud _isluu~ under the r.acd. ~eaianation D 422; the number imm<diatttr (ollowin&thc dcsi&rution indica tea the rur ol 

... ..Jopuon. or, on the ~~ o( rcvu~on: the yur o~ lut r .. iuon. A number In pucnlhc>a indica tea the ~ar of iul ruppro•ll. 
approximately II 5 g for sandy soils and apprOl•. cps~ ton (o)lndtCIIC1tn cdotonal chanac JlnCC lhe lui revision ot rupptova.l. I 
imately65 g ~r~lt and clay soil ~r~rtic~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
analysis. · ,i lt~r·;.,.---

. \. I 

6.2 Wash that fraction retained after the sec· 

8. Test Sample for Soli Conslanls 

8.1 Separate the remaining portion of the J; 
terial passing the No. 10 (2.00-mm) sieve.lnto' 
two parts by means of a No. 40 (425-~m) sieve.! 
Discard the fraclion retained on the No. 40 sieve.· · 
Use I he fraction passing the No. 40 sieve .for the. 
determination or the soil constants. 

1.1. This method covers the quantitative de
nation of the distribution or particle sizes 

$oils. The distribution of particle sizes larger 
7S ~m (retnlned on the No. 200 sieve) is 

"'""'rm"nr·n by sieving, while the distribution of 
sizes smaller than 75 ~m is determined 

a sedimentation process, using a hydrometer 
S sec_ ure the necessary data (Notes I and 2). 

'rlw Amrrirun S«irttf<JI TrJtinz and MotrriaiJ takrJ no poJitlon trJpt'CtlnztAt rai/Jily of any potrnl t11AIJ IIJJtrtrd In conllt{!ial 
• ith un.- ;1,,, mrntinnrd in tAiJ JtanJarJ. UJrrJ oftMISiantlarJ art txprmly athlud tAal drtrrmlnatlon of tAr ralitlity ofu1rd "NoTE 1-Scparalion may be made on I he No. 4 
t"''·nt ;;~hu. nnd thr riJ4 of /rifrintrmrnJ of meA ri1h11. art tntlrr/y tArir o•"ll rtlpotUibllity. · 'II· (I.H-mm), No. 40 (425-Jim), or No. 200 (7 S·Jim) sieve 

•. 1 kulcad of the No. 10. For whatever sieve used, the size 
'/'hi• 

11
andard ;

1 
m~j<orlt11 rrr/JiM at any.t/mt by 1M ttJ{WUIWt tt•rAn/cal rommiiiN tv~d mwJt/w rrvlr.,otd rvtryf/•t ~an ,,J: ~II be indicated in the report. 

.r "'" ,...;,rd. rithrr rr<Jpf'"''rd f" •ithdra-·n. y.,.,, rommrn/1 art /nrltrd tithrr jOI' rrriJ/01'1 of th/1 1/antlartl 01' for adJitlotJ. NoTE 2-Two types of dispenion devices art pro-
''""Jmtf, and 1hrould M addrrurd tn AST)o( 1/tGJq.,anrrJ. Yo11r commrnll w/11 rrui•t carcfoJ (OIUidrratlon at II mtttlnt c/tJt. I hi&h-spced mechanical stirrer, and (1) air 
,,,,..on.•ihlr trrhniral rummi11rr. which'""' "'ay otttnd. 1/JCII/ttlth<~l J"'~' commtn/1 At~•t flO/ rtetirrd o/t~lr Mar/nz J<IU JMt.M.IIlf:~mion. E~tensive investigations indicate that air· 
"'"lr '""r .;,.,.., tn .. •·n"' tAr ASTM Cnmmi11rr on Slt~ndt~rdJ. 1916 Aact St .• fh/fatlr/pMa. PA 19101. devices produce a more positive dispersion 

plastic soils below the 20-11m size and appreciably 
bs degradation on all sizes when used with s.1ndy soils. 
&ousc of the definite advantages favoring air disper
lion, its usc Is recommended. The results from the two 
· of devices differ in magnitude, depending upon 

type, leadin' to marked differences in particle size 
)istributlon, especially for sizes liner than 20 Jim. 
v·. 
~:Applicable Documents 
' 2.1 ASTM Standards: 
. · 0421 Practice for Dry Preparation of Soil 
· Samples for Particle-Size Analysis and De-

. termination of Soil Conslants2 

., E I I Specification for Wire-Cloth Sieves for 
Testing Purposes' 

E 100 Specification for ASTM Hydrometers• 

Apparatus 

. :.3.1 Balances-A balance sensi1ive to 0.0 I g 
br weighing the material passing a No. I 0 (2.00-
mm) sieve, and a balance sensilive to 0.1 % of 
. ihc mnss of the sample 10 be weighed for wcighi ng 

the material retained on a No. 10 sieve . 
J.2 Slirrlng Apparatus-Either .pparatus A 

or B may be used. I 
3.2.1 Apparatus A shall consist of a mechan

ically operated stirring device in whi~h a suitably 
mounted eleclric mo1or 1urns a vc:n'ic11l shafl a1 
a speed of no I less than 10 000 rpm Jithout lo11d. 
The shan shall be equipped wi1h a I rc:placc:able 
s1irring paddle made of melal, plas,ic, or hard 
rubber, as shown in Fig. I. The: shafl shall be of 
such length lhal the slirring paddle: ~ill operalc: 
not less than J;, in. ( 19.0 mm) nor mbrc: th~n I'll 
in. (JB.I mm) above the bottom of th 1c: dispersion 
cup. A special dispersion cup cu~forming t•l 
either or the designs shown in Fig.l 2 shall he 
provided to hold lhe sample while! i1 is hc:ing 
dispersed. I 

3.2.2 Appara1us B shall consist of an air-jc:t 
dispersion cups (Note J) conforming to the gen· 
eral de1ails shown in Fig. J (Notes 4 'and 5). 

NOTE )-The amount of air required! by an air-jet 
dispersion cup is of the order of 2 fi 1/min; some small 
air comprcuon arc not cap;tble of suppl~ina sunicient 
air to operate a cup. · I 

NoTE 4-Anothcr air-type dispcnion device, 
known as 1 dispersion tube, developed !by Cltu and 
Davidson at Iowa Stale Colkae, hu been shown 10 Jive 

I 
1 This method is under the juri >diction o( ASTM Commilltc 

0- II on Soil and Rock and is the direct raponubilitr o1 
Subcommillec Oii.OJ on Tuturc, PtuticitJ, ud DenutrOw· 
acteristic10f Soils. I 

Cuncnl edition approved Nov. 21, 196). Ori&iMIIJ pub-
liJhe.J 19H. Rcplace1 0 422-62. I 

1 Annual Boolr. of ASTAI S1anJartl1, Vol 04.08. 
1 Annual Bool. of ASTM StanJtJrdJ, Vol 14.01 . 
'.AnnuiJ/ Boolt. of ASTiol StaroJt~rdJ, Voii4.0i. 
1 Detailed workin& d111winas (ot this rup uciavailabte at a 

nominal c-ost from the American Society f01 Te11ina and Ma· 
tcriall, 1916 Race St .• Philadelphia. PA 1910). Order AdjuiiC1 
No. I l-404 220.00. I 
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drometer I 52H it is the difference between the 
reading and zero. Bring the liquid and the hy· 
dmmcter to the other temperature to be used, 
~nd secure: the composite correction as before. 

ll. I lygroscoplc Moisture 

X. 1 When I he sample is weighed for I he hy· 
dromelcr 1es1, weigh oul an auxiliary ponion of 
from I 0 10 IS g in a small me1al or glass con· 
1aincr. dry lhe sample 10 a conslant mass in an 
O\'en :11 230 ± 9'F ( 110 ± S'C), and weigh again. 
R~:cord the masses. 

9. Oispersion of Soli Sample 

<J.i When the soil is mostly of the clay and sill 
~i1cs. weigh out a sample of air-dry soil of ap
pro,imately 50 g. When the soil is mostly sand 
I he sample should be approximaleiy I 00 g. 

9.2 Place 1he sample in the 250-mL beaker 
and cover with 125 mL of sodium hexameta· 
phosphale soiulion (40 g/L). Stir until the soil is 
lhoroughly welled. Allow to soa~ for al least 16 
h. 

9.J t\tJhe end of the soaking period, disperse 
1hc sample funher, using either stirring apparatus 
t\ or ll. If slirring apparatus A is used, trarysfer 
lhe soil· water slurry from the beaker into the 
special dispersion cup shown in Fig. 2, washing 
~ny residue from the beaker inlo the cup with 
distilled or demineralized wa1er (Nole 9). Add 
dislilled or demineralized water, if necessary, so 
th:ll lhe cup is mo" Jhan half full. Stir for a 
period of I min. 

NoTE 9-A l~r&c size syrinac is a convcnicnl device 
for h3ndling I he waler in lhe washing opcruion. Olher 
dc"iccs include 1he walh·Wiler boule and a hose wilh 
n0uk conncelcd 10 1 pre11urized di1tilled waler lank. 

9..1 If slirring apparatus B (fig. 3) is used, 
rl·mm·c the cover cap and connect the cup to a 
c-ompressed air supply by means of a rubber hose. 
t\ air gage must be on the line between the cup 
and the conlrol valve. Open the control valve so 
lhat the gage indicates I psi (7 kPa) pressure 
(Note 10). Transfer the soil· water slurry from 
1he tx:'aker to the air-jet dispersion cup by wash· 
ing with distilled or demineralized water. Add 
distilled or demineralized water, if necessary, so 
1ha1 the tOial volume in the cup is 250 mL, but 
no more. 

Norr: 10-The initial air pre11ure or I p1i is required 
to prevent the wil· y,·atcr mixture from cnlcrins lhe 
~ir·jct chaml><:r when the mixture is ll'llnsferrcd to lhe 
dispersion cup. 

9.5 Place the cover cap on lhe cup and opa 
the air control valve untillhe gage pressure uJ 
psi ( 140 kPa). Disperse I he soil according to llc 
following schedule: · 

~· 

Dispcnion Period, . 
Ptutkity lndu min '· 

Under S S ;{ 
6 tO 20 10 

1 
I 

Over 20 IS illl 

Soils containing large percentages of mica~~ 
be dispersed for only I min. After the disperliQi 
period, reduce the gage pressure to I psi pre~ 
a lory to transfer of soil- water slurry 10 the~ 
imentation cylinder. ; .!-

':.1= 

: t; 10.4 Afler each reading, lake the temperature 
~·o( the suspension by inserting I he thermomeler 
:into lhe suspension. · 
i'J.; 
1,11. Sieve Analysis 

:i·: 11.1 Aflcr taking the final hydrometer read
Ing. lransfcr I he suspension to a No. 200 (7 S·~tm) 
iicvc.and wash with tap water unlil the wash 

~.',nter is clear, Transfer the material on the No. 
!.100 sieve to a suitable container, dry in an oven 
. 11 230 :t 9'F ( 110 :t 5'C) and make a sieve 
·~nalysis of the portion retained, using as many 
!,.sieves as desired, or required for lhe material, or 
l ~pon the ~pecification of the material under test. ,. 

10. llydrometcr Tcsl ·:, 
, • z.; ''-f;. . CALCULA110NS AND RJ::rORT 

10.1 Immediately afler dispersion, transfer II. :·n. Sieve Analysis Values for the Portion soil· water slurry to the glass sedimentation C)\-. 
inder, and add distilled or demineralized W1tti ~: :Coarser than the No. 10 (2.00-mm) Sieve 
until the total volume is 1000 mL. • ·,, -\'12.1 Calculate the percentage passing the No. 

10.2 Using the palm oft he hand over the o~ :10 sieve by dividing the mass passing the No. 10 
end of the cylinder (or a rubber stopper in IIi ~sieve by the mass of soil originally spiil on the 
open end), turn the cylinder upside down&~ '.~o. 10 sieve, and multiplying the result by 100. 
back· for a period of 1 min to complete IIi .Jo' obtain the mass passing the No. 10 sieve, 
agitation of the slurry (Note II). All he end oll 111btract the mass retained on the No. 10 sieve 
min set the cylinder in a convenient location ili4 &om lhc original mass. 
take hydrometer readings at the following intd. ~: 12.2 To secure the total mass of soil passing 
vals of time (measured from the beginnin& ~ ;!he No. 4 (4.75-mm) sieve, add to the mass of 
sedimentation), or as many as may be n~ '!he material passing the No. 10 sieve the mass of 
depending on the $3m pie or the specification fq '!he. fraction p;using the No. 4 sieve and retained 
the material under tesl: 2, S, IS, 30, 60, 2SO, &n. .,o41he No. 10 sieve. To secure the total mass of 
1440 min. If the controlled water bath is used, ioil passing the 1/a·in. (9.5-mm) sieve, add to the 
1he sedimenlation cylinder should be placed ii ·~ul mass of soil passing lhe No. 4 sieve, the 
the bath between the 2· and 5-min readings. -:1 :tnw of the fraction passing the ¥a-in. sieve and 

NoTE II-The number of turns duringlhis min~ ~uined on the No. 4 sieve. For the remaining 
1hould be approximalcly 60, rounllng 1he 1urn u~ \IICves, conlinuc the calculations in the same 
down and b~clc as lwo I urns. Any soil remainina in lbc 11anner. 
boll om of1he cylinder during 1he lin I few tumsshoull ·b .12.3 To determine the total percentage pass· 
~.l~scne~ by vigorou.s. shakina or the cylinder whilt :in& for each sieve, divide the total mass passing 
11 ts tn 1he tnver1ed postllon. 1 ( l2 2) b lh 1 1 1 f 1 d 1 . scc . y e a a mass a samp e an mu • 

10.3 When it is desired to take a hydr'om~i~ liply the result by 100. 
reading, carefully inscn the hydrometer aboui 20 
to 25 s before the reading is due to approximatclj p. llygroscoplc Moisture Correction Factor 
the depth il will have when the reading is takcti. 13.1 The hydroscopic moisture correction fac
As soon as the reading is taken, carefully remo~ IOC' is the ratio between the mass of the oven· 
the hydrometer and place it with a spinni~ dried sample and the air-dry mass before drying. 
motion in a graduate of clean distilled or demi~~o k is a number less than one, except when there 
eralizcd water. 1

' ~no hygroscopic moisture. 
NOT£ 12-11 is impor1an110 remove lhe hydromCIQ' · 

immedialely a ncr each reading. Readiop shall be Ukll It Percentages of Soli In Suspension 
al the top or 1he meniscus formed by 1he su1pensioa ~·14.1 Calcui111e the oven-dry mass of soil used 
arou.nd .lhc s1em, since il is nol pouible to srnui it lhc hydrometer analysis by muhiplying the 
rcadzngs alI he boll om of I he meniscus. ..z. . _, b h h · · 

~r ... ry mass y 1 e ygroscoptc motslure correc· 

tion factor. 
14.2 Calculate the mass or a total sample rep

resented by the mass of soil Jscd in the hydrom· 
eter test, by dividing the over-dry mau used by 
the percentage passing the No. 10 (2.00.mm) 
sieve, and multiplying the tesult by 100. This 
value is the weight W in th~ equation for per· 
centage remaining in suspen~ion. 

14.3 The percentage of soil remaining in sus
pension at the level at which the hydrometer is 
measuring the density of the :suspen~:on may be 
calculated as follows (Note I~): For hydrometer 
ISIH: I 

P • [( 100 fXXJ/ W) x G/(G- G,)J(R - G,) 

NoTE 13-The bnckcted pohion of I he equation 
for hydrometer IS IIi is consUnl for a s.eries of rudinp 
and may be alculalod lirsl and lhcn mullipliod by the 
ponion in lhe parc:nthesa. I 
For hydrometer I 52H: 

P • (Ra/W) X 100 

where: I 
a .. correction faction to be applied to the read· 

ing of hydrometer 152Hl (Yalutl shown on 
the scale are computed u~ing a specific grav· 
ity of 2.65. Correction f~cton arc given in 
Table I), \ 

P • percentage of soil remaining in suspension 
at the level at which th~ hydromeler me.1· 
sures the density of the ~us pension, 

R • hydrometer reading with1 composite correc-
tion applied (Section 7).j . · 

W • oven-dry mass of soil in a total tcsl sample 
represcn.ted by mass of ~il dispersed (see 
14.2), g, 1 

G • specific gravity of the soil panicles, and 
G, • specific gravity of ihc liquid in which 50il 

panicles are suspendedl Usc numerical 
value of one in both inst.nces in 1hc equa· 
tion. In the first instance lany possible vari· 
ation produces no signifitant cO'cct, and in 
the second instance, the COmposite COrreC· 
tion for R is based on a vAlue of one for G,. 

IS. Diameter of Soil Particles I 
I S.l The diameter of 11 panicle correspondin~ 

to the percentage 'indicated by~ given hyJrome· 
tcr reading shall be calculat~d according to 
Stokes' law (Note 14), on the bAsis thai a panicle 
of this di:~meter w.1s 111 the surfdce of the suspcn· 
sion at the beginning of 54:dimbntation and had 
sculed to 1hc level :11 which 11\c hydromclcr is 
m.:asuring I he d.:o1i1y of I he sus\)Cnsioon. Arcon..l· 

I 



·csuiu equivalent to th0$C $CCUrcd by the air-jet dispc:r· 
;inn cups. When il is used, so.akin& of the sample an 
X' done in lhe sedimentation cylinder, thus climin.ating 
he need for trarufcrring the slui'T)'. When !he: air· 
lisflCrlion 1ubc: is used, it shall be loO indicated In the 
-cron. . 

1'/ClTE .S-Wucr may condense in air lina when not 
o usc. This W1tcr must be removed, either by w.ina a 
vatcr trap on the air line, or by blowing the water oot 
,r ahc line before wing any of the air for dispcnion 
>urJXlsel. 

).) 11}-drometer-An ASTM hydrometer, 
raduatcd to read in either specific gravity of the 
'uspension or grams per litre of suspension, ind 
on forming to the requiremenll for hydrometers 
~IH or 152H in Specifications E 100. Dimen~ 
ions of both hydrometers are the same, the scale 
-cing the only item of difference. 

3.4 Sedimentation Cylinder-A &lass cylinder 
~s.cntially 1& in. (457 mm) in height and 21h in. 
S).5 mm) in diameter, and marked for 1 volume 
f 1000 mL. The inside diameter $hall be 'uch 
u1 the IOOO·mL mark is 36 ± 2 em from the 
ntlom on the imide. 
.U Thmnomctt•r-A thermometer accurate 

1 IT (0.5'C). 
.1.6 Sicws-A series of sieves, of square-mesh 

·oven-wire cloth, conforming to the rC(juire· 
1cnts of Specification E II. A full set of sieves 
1cludcs the following (Note 6): 

J-in. (75-mm) No. tO (2.00-mm) 
2-in. (50-mm) No. 20 (850-l!m) 
1'11-in. (37.5-mm) No. 40 (42S"")lm) 
1-io. (25.0-mm) No. 60 (250.\lm) 
'I.-in. ( 19.0-mm) No. 140 ( 106-)Jm) 
''•·in. (9.5-mm) No. 200 (7.5-)lm) 
No.4 (4.75-mm) 

N<>H 6-A set of sieves tivin£ uniform s~cin1 of 
1inls for the craph, as required in Section 17, may be 
d if desired. This set con~iiiS o( the followin& sicvcl: 

.1-in. (75-mm) No. 16 (1.18-mm) 
1 "•·in. (JU-mm) No. )0 (600-)Jm) 
v •. in. ( 19.0-mm) No. 50 (300"")lm) 
If •• in. (9.5·mm) No. 100 ( 150-)Jm) 
No.4 (4.75-mml No. 200 (75-J:Im) 
No. 8 (2.J6-mm) 

_\. 7 1Vn1a lluth or Constant· Temperatuu 
1111111-A water bath or constant-temperature 
.om for maintaining the soil suspension at a 
.nstant temperature during the hydrometer 
l:lly~i~. A satisfactory water tank is an insulated 
n~ !hal maintains the temperalure of the sus
:n~ion at a convenient constant temperature a\ 
· ncar 6&'F (20'C). Such a device is illustrated 

r-i~. 4. In cases where the work is performed 
' ~room at an automatically contr0llc:d constant 

IIID lllliil lllliP ~ ~~

... o·. Nominal Diamclcr 
o( l..&I)UI Paniclca. 

ln.(mm) 

I (2U) 
tl'l (JI.I) 
2 (jO.I) 

([[!~ 

Appttllim&lc Minimum 
Mw o( Ponion, a 

2000 
3000 
4000 

l (76.2) .sooo 4." Dbpenlng Agent . :j 
1 

4.1 A solution of $Odium hexamelaphosptwi S.l.2 The size of the portion pusing the No. 
(sometimes called"sodium metaphosphate) sieve shall be approximately 115 g for sandy 

· be u3-Cd in distilled or demineralized water, -:o.J!m•onu and approximately 65 g for sill and clay 
rate of 40 g of $Odium hexameLit~notSDCllatcJ 

. of solution (Note 7). Provision is made in Section 5 of Practice 
Ncm: 7-Solutions o( lhu Ji.Jt, If acidic, .. I f?r weighing of the air-dry soil selected for 

vert or hydrolyz.c back to I he orthophosphate form rpose of tests, !he separation of the soil on the 
1 rcsulunt dCCT'UlC In dhpc~vc action. -• .,_·:·n"'" 10 sieve by dry-sieving and washing. and the 
&hould be prepared frequently (at lea.st once 1 
or adjusted to pH or 8 or 9 by means or of the washed and dried fraction re· 
carbonate.. Bottla contalnlnaJOiutlons ihould ha'1 on the No. I 0 sieve. From these two 
date of preparation marked on them. the percentages retained and pauing the 

4.2 All ~~~~r.uscd .. shali be either 'IO.sleve can be calculated in accordance 
demineralized water. The water for a 12.L · 
lesl shall be brought to the !em perature 1-A chC.:k on the mw val11a and the thor-
expecte,d to prevail during the. hyor·onleu:c~t:ll of pulvcriullon of the clods may be secured 
For example, if lhe !.edimentation cylinde~ .. ,_.,. ''""'- .... _ nathc portion passing the No. 10 s.icve and 
be placed In the water bath, the distilled or. this value to the mw of the wuhcd and oven· 

mineralized water to be used shall be bro 
the temperature of the controlled water bath; 

portion retained on the No. 10 sieve. 

ANALYSIS OF PORTION RETAINED 
ON NO. 10 (2.00;mm) SIEVE if the sedimentation cylinder is used In 1 roO~ 

with controlled temperature, the water for. til(_ 
test shall be at the temperature of the room. Tht Piocedure 
basic temperature for the hydrometer test is · 6.1. Separate the portion retained on the No. 
(20'C). Small variations of temperature do· · (2.00-mm) sieve into a series of fractions using 
introduce differences that are of practical si 3-ln. (75-mm), 2-in. (50-mm), l'h·in. (37.5-
icance and do not prevent the usc of,.,__ .. _.,;""''.~"' l·in. (25.0-mm), lf•-in. ( 19.0-mm), lfa-in. 
derived as prescribed. No. 4 (4.75-mm), and No. 10 sieves, 

u·inany as may be needed depending on the 
mple, or upon the specifications for the mate· S. Test Sample . 

5.1 Prepare the test sample for mecha~~ 
analysis as outlined in Practice D 421. 
the preparntion procedure the sample is d 
into two ponions. One portion contains 
panicles retained on the No. 10 (2.00-mm) si~ 
while the other ponion contains only partidci 
passing the No. 10 sieve. The mass of 
soil selected for purpose of tests, as prescribed 
Practice D 421, shall be sufficient to yield 
tities for mechanical analysis as follows: ·· 

5.1.1 The size of the ponion retain"ed on 
No. 10 sieve shall depend on the maximum 
of panicle, according to the following 

Nominal Oiamc\cr of 
1..&11nt Panicle~, 

. in.(mm) 

·""I'U). 
v. (19.0) 

under test. 
·conduct the sieving operati.on by means 
lateral and venical motion of the sieve, 
panied by a jarring action in order to keep 

sample moving continuously over the surface 
· sieve. In no case turn or manipulate frag· 

in the sample through the sieve by hand. 
linue sieving until not more than l mau % 

residue on a sieve paU(;s thal sieve during 
of sieving. When mechanical sieving is 

test the thoroughness of sieving by using 
ha11d method of sieving as described above. 

6J Determine the mass of each fraction on a 
conforming to the requirements of 3.1. 

.the end of weighing, the sum of the maU(;S 
~uined on all the sieves used should equal 
~ly the original mass of the: quantity sieved. 
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HYDROMETER AND SIEVE ANAI.YStS OF 
I'ORTION PASSING TilE NO. tO (1.00-mm) 

SIEVE I 
7. Dctermlnallon· o( Composite Correction for 

Hydrometer Reading \ 

. 7: I Equ11i~ns for ~rcen.tages o~ soil remain
tog tn suspenston, as g1ven 10 14.3, are based on 
the use of distilled or demineraliicd water. A 
dispersing agent is used in the wat1c:r, however, 
and the specific gravity of the resulling liquid is 
appreciably greater than that of di~Jilled or de· 
mineralized water. I 

7.1.1 Both soil hydrometers are calibrated at 
68'F (20"C), and variations in tcmpJrature from 
this standard temperature produce jinaccuracies 
in the actual hydrometer readings. The amount 
or the inaccuracy increases as the va:riation from 
the standllrd tempera lure increases.~ 

7.1.2 Hydrometers are graduated by the man· 
ufacturer to be read at the bottom o

1

f the menis
cus fonned by the liquid on the stem. Since it is 
nol possible lo secure readings ofsoillsuspcnsions 
at the boll om of the meniscus, readihgs must be 
taken at the lop and a correction applied. 

7.1.3 The net amount of the cortections for 
the three items enumerated is desigr\ated as the 
composite correction, and may be determined 
experimentally. \ 

7.2 For convenience, a graph or table of com
posite corrections for a series o( I' ttmperature 
differences for the range or expected tbt temper
atures may be prepared and used 1as needed. 
Measurement of the composite correbions may 
be made at two temperatures spannin1g I he range 
of CJq>CCtcd lest temperatures, and corrections ror 
the intennediate temperatures calcul~lcd assum· 
ing a straight-line relationship bctwel:n the: two 
obs.crved values. I 

7.3 Prepare 1000 mL of liquid composed or 
distilled or demineralized water and dispersing 
agent in the s.ame propo"nion as will prevail in 
the sedimentation (hydrometer) lest. Place the 
liquid in 1 sedimentation cyclinder and the cyl· 
inder in \he constant·temperalure wa\~r bath, se\ 
for one of the two temperatures to be uk!. When 
the temperature or the liquid becomes1 constant, 
insert the hydrometer, and, afler a shoh interval 
10 permit the hydrometer to come to th1e temper· 
ature of the liquid, read the hydrome\er at the 
top of the meniscus fonned on the ~tern. For 
hydrometer 151 H the composite corredion is the 
difference between this reading and on~: for hv-

1 



· .. ·.,.·..,,i.t:•t"' 

. NoTE t6-This tabulation or Jlllph represents the · 
fraction that would have been retained on . or the aample tested. If particle$ la11er than 
No. 10 sieve had it not been removed. This ned In the umple were removed before 

in~ to Srokcs' I~:Jw,..,_.· ·..,...,.,.,..,=--~~~ .... 
D • J(JOn/980(G - G,)J x L/T 

is equal to the total percentage retained on report s.hallso state &Jvlnathc amount and 
wh~:rc: No. 10 sieve (I 00 minus total percentage - ••• r.:.~IIQ( ... tmum siu. 

/J =diameter of panicle, mm, times the mnss of the total sample 1.2 For materials tested for compliance wi!h 

1
1 

.. coefficient of viscosity of the suspending by the mass of soil used (as calculated in specifications, the fractions called for m 

medium (in this case water) in poises {varies and the result divided by 100. · specifications shall be reponed, The fruc· 

with changes in temperature of the sus- ' 16.2 Calculate next the total mnss passin& smaller than the No. 10 sieve shall be read 

pending medium), . No. 200 sieve. Add together the fractional the gruph. 

1. .. distance from the surface of the suspenston retained on all the sieves, including the 3 For materials for which complinnce with 

to the level at which the density of the sieve, and subtract this sum from the mass or specifications is not indicated and when 

suspension is being measured, em. (For a total sample (as calculated in 14.2). soil Is composed almost entirely of panicles 

gi\'cn h)'drometcr and sedimentation cyl- 16.3 Calculate next the total masses the No. 4 (4.7.5-mm) sieve, the results 

indcr, v:~lucs vary according to the hydrom· each of the other sieves, In a manner from the· graph may be reponed as follows: 
~·tcr rc:~dings. This distance is known as that given in 12.2. 

cll'CCiivc depth (Table 2)), 16.4 C:~lculate last the total percentages~ 
r ... intcrv:~l of time from beginning ofsedimen· ing by dividing the total mass passing (as c~ 

tat ion to the t:~king of the reading, min, Ia ted in 16.3) by the total mass of sample I• 
; "'specific gravity of soil panicles, and calculated in 14.2), and multiply the resull br 
;, ~ ~r11:cilic gravity (relative density) of sus- )OO. ' · 

pending medium (value may be used as 
1.000 for :~II practical purposes). 17. Graph :~ 

· 1 17. I When the hydromeh:r analysis is pel: NoH t4-Since Stokes' l.aw ~onsi~ers ~he ter!l't~a J: 

~h ... il)"llf a single s(\hcre bllln&ln a~ tnCimty ofhquld, formed, a graph or the test results. shall be miur, 

he \iw c~lcul~tcd represent the dt~meter of sphera plotting the diameters of the parttcles on a I~ 
~at.•n•uld f~ll ~t the s.ame rate as the soil particles. rithmic scale as the abscissa and the percenta&fl 

15J For con,·cnicnce in c:~lculations the smaller than the corresponding diameters to u 
hove equation may be wrillen as follows: arithmetic scale as the ordinate. When the hj. 

D • K./[ff drometer analysis is not made on n portion d 

:hal!: . 
: = cnnmnt depending on the temperature of 

the suspension and the specific gravity of 
the soil particles. Values of J.: for a range of 
t~:mperatures :~nd specific gra,·ities are given 
in Table 3. The \'alue of K docs not change 
fM :1 series of readings constituting a lest, 
while v:~lucs of L :~nd T do vary, 

~ ~ 1 Values of D m:~y be computed with suf· 
ri~r;; accuraC)', using an ordin:~ry 10-in. slide 
rk. 
Not r t S-The ,.~lue of Lis divided by Tusing the 

. :,nJ 1/-sc~ks, the s,qu~rc root being indicated on the 
-~·;de. Without ~ICertaining the v~lu~ of the square 
•II it m~y t>e multiplied by K, using en her the C • or 
l·s..·alc. 

i. Sicrc Analysis \'a.lucs for Portion Finer than 
f'\n. I 0 (2.00-mm) Sic1·e 

· 1 r.. 1 Calculation of percentages passing the 
tri11u5 sieves used in sieving the ponion of the 
mpk· from the hydrometer test involves several 
:ps. 'fh~: lirst step is to calculate the mass of the 

the soil, the preparution or the graph is option~ 
since values may be: secured directly from t~~ 
lated data. · 

18. Report 

. 18.1 The repon shall include the following: . 
18.1.1 Maximum size of panicles, ' 
18.1.2 Percentage passing (or retained oa) 

each sieve, which may be tabulated or presented 
by plolling on 11 graph (Note 16), : 

18.1.3 Description of sand and gravel pan~ 
clcs: 

18.1.3.1 Shape-rounded or angul:~r, 
18.1.3.2 Hardncss-h:~rd and durable, son, 01 

weathered and fri:~ble, 
18.1.4 Specific gravity, if unusually high 01 

low, 
18.1 . .5 Any difficulty in dispersing the (ractiol 

passing the No .. 10 (2.00-mm) sieve, i~dicat~n& 
any change in type and amount of dtspcrstn& 
agent, and 
: 18.1.6 The dispersion device used and the 
length of the dispersion period. 

Or~ vel, passing 3-in. and retained on 
No.4 'icvc 

Sand, pauin& No. 4 sieve and re
. 1.1lned on No. 200 sieve 

,.,.(a) Coar1e und, p.aulng No.~ sieve 
· and retained on No. 10 sreve 

(b) Medium aand, pauina No. 10 
. sieve and ret~ined on No. 40 

sieve 
(t) Fine und, pauing No. 40 .sieve 

and rel.lined on No. 200 steve 
Silt size, 0.074 to O.OOS mm 

I ; 
·sy;···~l 

I .:·,<; :,,: .. ·.~'?. 

(4) Oay size, smaller than O.OOS mm I ... ·.. % 
Colloids, smaller than 0.001 mm ..... % 

18.4 For materinls for which co~plianci: with 
definite specifications is not indica\ed and when 
the soil contains mnteriaJ.retuinedion t_hc No. 4 
sieve sufficient to require a sieve unulym on that 
ponion, the results may he rc:[l0n1ed as follows 
(Note 17): 

Sieve Size 
l·ln. 

. 2-in. 
l'l1·in. 
l·in. 
"'•·in. 
\'a-in. 
No.4 (4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (~2S-pm) 
No. 200 <7S·pm) 

St~VE ANALYSIS 

I 

t'crccntage 
l'auina 

I :::::::::· 
I . . . . . . . . . . 

I :::::::::: 
IIYDROI.IE"Hl ANALYSIS I 

0.074 mm j .... · · · .. · 

0.005 mm · · · · · · · · · · 
0.001 mrn I .... · · · · .. 

NOTE 17-No. 8 (2.36-mm) and No. SO (~m) 
sieves may be substituted for No. I 0 and No. 40 srcves. 



Sf'C'(ilic Cnviry Com:ctlon Factor' 
2.9~ 0.94 
2.90 o.u 
2.1J 0.96 
2.!0 0.91 
2.H 0.91 
2,70 O.'i9 
2.6) 1.00 
2.b() 1.01 
2., 1.02 
2.~ 1.0) 
2.~l I. OJ 

' r,,. UloC iR CQU&Iion (or pcrccni£&C o( toil I'Cm&iRIR& ill 
IU>f"C'n>ion when u~n. llydromner H211. 

l'ABI.F: 2 Val~>n o( ESTmlu Otpl~ Buc4 001 1174•-•ar 
u4 Scdl~a1a1~ Cr~Wcr ol Spcdllc4 Slut' 

lltdrorncler I Jill Hydromner IJlH 

ACiual ACI~I 
Acrual 

EITcai~ 
lly· E/Tcc· lly· E/Tcc-

llydrom· De pill. 
drom· IIYC drom• live 

Clcr Clef Dcplh, CICI Deplh, 
l!.r~<1ina 

L.cm ReAd· L.cm Read· L,cm 
in& in& 

1.000 16.) 0 16.) )I 11.2· . 
1.001 16.0 l 16.1 32 II. I 
1.002 IS.& 2 16.0 3l 10.9 
1.00) l s.s ) IU )( 10.1 
1.~ IU ~ IJ.6 )) 10.6 
J.OOS 13.0 j "·' 
I. ()()II 14.7 6 IJ.) 36 10.4 
1.001 IU 1 U.l 37 10.2 
1.00& 14.2 I IS.O ll 10.1 
1.009 13.9 9 IU l9 9.9 
1.010 I l.7 10 14.7 40 9.7 

1.011 I ).4 II 14.J 41 9,6 
1.012 I l.l 12 10 42 9.4 
l.lll3 12.9 I) 14.2 4) 9.2 
1.014 12.6 14 14.0 44 9.1 
I.Oil 12.3 IS fl. I ., 1.9 

1.016 ll.l 16 l ).1 46 u 
1.017 11.1 !1 ll.S 41 1.6 
1.011 ll.l u 1 ).) 41 '·' 1.019 II.) 19 ll.l 49 1.l 
1.020 11.0 20 13.0 ~ 1.1 

I.OH 10.7 21 12.9 ,, 7.9 
1.022 IOJ 22 12.7 H 7.1 
I.Oll 10.2 l) 12.S H 1.6 
I.OH 10.0 2A 12.4 S4 u 
I.Oll 9.1 l) 12.2 3S 7.) 

1.026 9.4 26 12.0 S6 7.1 
1.027 9.2 27 11.9 S7 7.0 
1.02~ 1.9 ll 11.7 n 6.& 
\.02'1 u l9 II.~ S'} 6.£ 
1.0)0 1.4 lO 11.4 60 6.S 

-- -...---
- - - 0422 

·:·~rn 

TABLE 3 ValiMs ol K lor Uw Ia ~~arlo<l lor Computlna Dl•m1ttr ol Parrklo Ill IIJdro,...rtt A~lJala 

Spc<lnc Cnvhy or Soil Panicles 
AClual AC\ual 

AC1ual Etrcr:til'C Hy. ElTcc· lly· 
HydrOm• Ocplh, drom• Jive drom· 

crcr cler Deplh, clef 
· Rcadil'l& L.cm Read; L,em Read· 

In& in& 

2.4S BO 2.H 2.60 us 1.70 --l.H uo us 
16 O.OISIO O.OIS05 0.01411 O.Ol4l7 0.014)$ 0.01414 0.0119~ O.Oll74 0.011!6 
17 0.01511 0.01416 0.01461 0.014)9 0.01417 0.01}96 0.01}76 O.OI)S6 O.Oill& 
II 0.01491 0.01467 0.01443 0.01411 0.01399 0.01371 O.Ol3S9 O.OI:}}'i O.OlHl 

" 0.01474 0.01449 0.014H O.OIAOJ 0.01312 0.01361 O.Oll41 O.ll2l O.OilOS 
1.031 1.1 
l.Oll 7.1 
I.OJJ 7.6 
l.OM 7.) 
J.OH 7.0 
1.0}6 6.1 

.1.017 6.S 
1.0}1 6.1 

20 0.014$6 0.014)1 0.01401 O.OIJ86 O.Otl6J 0.01344 0.0132l 0.01)(17 0.01219 
I 

21 0.01431 0.01414 0.01)91 O.Oil69 0.01}41 O.Oilll 0.01:109 0.01291 O.Ot27l 
n O.OlHl 0.01397 0.01)74 O.OilSl 0.01})1 0.01)11 0.01194 O.Oil76 O.OllSI 
ll 0.01404 0.01)11 o.oma 0.01))7 0.01)17 0.01197 0.01179 O.Oti61 0.0124) 
l4 O.OIJU 0.01>6S 0.01)41 O.Oilll 0.01)()1 0.01212 0.01264 o.oti46 0.01229 
lJ O.Oll?l 0.01349 0.01327 0.01306 0.01216 0.01267 0.01249 O.Otlll 0.01215 

O.Ol3H O.OilH O.Oilll 0.01291 
I 

26 0.01271 O.OilJl O.OillS 0.01111 0.01101 
~ V&l~~a of ciTcctiV"C dtp~h arc eakulatcd (rom the cqU. 

L • 4 + VI [La- (I'JAll .. · ··(~ 
27 0.01341 0.01319 0.01297 0.01177 0.011SI 0.01139 0.01221 O.Otl04 0.011&1 
21 0.01)17 0.01~ o.oim 0.01264 0.01144 O.OI2SS 0.01101 0.01191 O.OIIH 
29 0.01)11 0.01290 0.01169 0.01249 0.012)() O.Oilll 0.01195 0.011[11 0.01162 

rile: elTccliYCckplh, em, . :';~R£_;:........:...------------------------------~-__:.....:..,_ 
Lt • di.uncc alon& tile llcm of tile hydromclct frota doc~ 
· ot tile bulb lo I he mull fot a hydrometer rcadlna, C.:· 
La " ovcnll kn&th ot tile )lydromciCr bulb, em, ·· ·' 

.)0 0.01291 0.01276 0.01256 0.012J6 0.01217 0.01199 0.01112 O.OII~J 0.01149 

Y1 " volume of h)'dromclcr bulb, em,, and 
A • crou-accrlonafaru of tcdimenl.ltlon cylinder, Clll

1 

Values uae<l in cak\ilallnathc nlucs In Table 2 •~ u follgc. 
For bo1h h)'dromtlcn, U I Hand UlH: 'I .. 
La " 14.0 Cfll

1 
;~ .). ,· 

V1 • 67.0cm ·,. ~ 
A • 27.1 cm1 :~ ;:. 
For h)'dromeler IS Ill: • .. ~ ~ 
L1 • IOJ em lor 1 rcadin& o( 1.000 :I 'j. 

• 2.3 em lot a tudin& of I.Oll • • . 
for hydrometer I HH: 

1 
l; • 

L1 • 10.$ em lor arudin& o/0 a/]irrc :,: f; 
.. 2.3 em lot a rudinc of SO a/]i111: 

. l 

~. 
,•j 

•. 

'• I 

(o) 

in. 
mm 

0.001 
0.0} 

Lp ~~~ 
~.18 aw Ga•0.049" 

Mcrrk ~ulultnll 

0.049 
1.24 

0.20) 
S.l6 

{b) 

r. 
12.7 

v. 
19.0 

Punch \ 
O.Z03" .to.ooti 

I 
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Permanenf 
Bllfne 
Rods 

A 

ln. 
mm 

• 

I,_ ........ -J 
p 

Mrlric [.qalralcal1 

1.3 2.6 
Jl 66 

~emovable 
Baffle 
Rod' 

3,, 
93.2 

B 

fiG. l Dllpcnloo Cups ol Appanlvt 

CROSS SECTION 
CIJ' a 

CROSS S£t liON 
Cl.P B 

FIG. 3 Alr.J<1 I>Upcnloa Crp1 ol Appanln 8 

CIJ' a 

IL " I ] 6\lo 14 37 
mm ll.l lS.4 16.1 ISl.l lS6 9~ 

fJC. 4 J ... laceol Waccr a.clo 

. Tlt Amt'l'lau! Soday Ji;x Tatl~t ANI Mourialt lllkD AO podllott r~tP«ti"' /It~ ...Jidity c{ MY poUI!J rltllll «J.tmtd I~ COM«t/011 

j,M ll.f limt m~IONd 1111/ll.t ~ UMrJ r/1Ail SZ4NiortJ iv1 u:prmly IJIIrlMJ W>l damnllltll/011 c(1AII' ...JiJily q MY n.cA 
. ~ fisW, ANI IAI rW: r/111/rbtznnml q slid! rlz/w. tlrt tnllrdyiM/r o- ra/1()'UibiliJy. 

'· 
:~ ( 7lb ll4NlMtl U su.h}«t 10 rN!Jiott 41tuiy tim~ by tM ruptOII.Jibl~ ucAnlaJ D:Jnalf'liu.« GNI '"'"' ~ tNLrwail'rfitT1flr.t )'ft'JVIANI 
:~.· . ( 1D1 rrr/uJ. rltMr rrapprtntrJ 01' w/tlulro""" Yowr conunntJt lVI 111riltd riJMr Ji;x rniJlott c( IAit SUSN»)J 01' p IUIJitiDADI 

,..JQulJ twJ JJ.oultJ ~ IJIIdrtutd to ASTJI 1/~qlltlrlm. Your conunntJI .,;ureal~ U~r/ul coruitkrt11i011 101 " lllUIIfll tltltl 
·.~ ~f¥C~Uibolt ttcltnlrol rom mill tt. wllldl )'OU MG.)' Alltnd. 1/ )'OU /trl tMI your tommtnl.l All~ 110( ttui"MJ • fo/r 

1~111 ,_ JltotJJ 
., .,U JIOIU rlt'WI k110W11 ID 11.1 ASTM Comm/lltt 011 Sidndtvdl, /9/6 R«t Si .• I'AIWnpJo14, I'lL IPIOJ. 



- - -,·crnrrnr. Reduction of moisture content may b<: 
:1crnmplishcd .:u follows: by exposure: to air at 
,rrdin~ry room lemperalurc:, by healing in an 
lll'l'll a1 a temperature not exceeding 230•F 
c 1 IO'C'l. hy hailing. by filtering on a Buchner 
funnd. nr hy u~c of Iiiier candles. During evap
nrali,)n :~nd Cooling, stir the sample ofien enough 
111 pr,·vcnl Ol'crdrying of lhc: fringes and soil 

- - - ·---------~---.,..-8!JitiJ .... \ 
~ Designation: 0 2325- 68 (Reapproved 1981)'1 

\ 
pinnacles on the surface. Cool the heated sa 
to normal room temperature before tcstin&-~ • 

·soil samples containing soluble salts, 111 

mer hod of water reduction that will not elimiai 
the soluble snlts{rom the test ~mpte. Prot~ll 
prepared sample in a suilnble conrainer ·. 
funher drying until all required lesls have 
performed. . 

I 
I 
I 

Standard Test Method for \ 

CAPILLARY-MOISTURE RELATIONSHIPS FOR COARSE· 
. ·. i AND MEDIUM-TEXTURED SOILS BY POROUS-PLAfE 

. n,•,fmrrirntrS···irrrJ., Tmint Qnd AlaurlaiJ /a~n IIOpoJitlon ftJpt'(lin~ tht •olldit~ofany poltrtl rithllGJJtrtrcllrt ~ 0 • APPARATUS 1 I 
•rllil ""·'.'ill''" mrntiu11rcl iniMJ JtonJord. UJtfJ nftMJ Jtorufard art ~:rprtJJt)' od•IJtd thut drtmnlnotloll t>/lht •olidil1' rfP.I,. 
I"'''"' n~lrr•. mrJ tlrr riJk n/ lrr/rintrtrrtnl u/ mdttithiJ, tlrt tnl/trly tArir OM 'II ttlf"lttJibilit1'. . ji'.; 

· ;~ •t ~·sur.dard _b.luu~ 11ndu ahc liud_daiana~lon 0 lllS; lhc_n,llmbcr immcdi11cly followinaahc daianuio11 iridia~a !he yuz o( 

l'lm unnJrrrrl i< .<rrhjm In '"bit~~~ ot any 1/mr ~)·tht rtJpotUihlt l«hnlral commflltt and m101 bt rr-ti~ord r't"'JI /Itt ,orooi · rc~MI adoptron or, an I he C&JC of rcvulon, I he )'UI or Lui Rvu•on. A n11mbcr In ~rcnlhac:llridicaiQ the ~ar.o( WI ruwoval. 
rt ••·• ,,,·i.rn/. tirh<"' rrDf'f''""rcl "' ··ithtlto•·rt. Your commtn/J Qrt lnrltrcl rltht't' /M rty{J/1111 nf tAll stondorJ tl' /D' o.l4irir A arpencript epsilon (r) Indica let an cdilorial ch.onae since lhc lUI Rvision or rupproval. I 
,,,,.,/,,d, u~d Jho11/J M o~JttJJtd 10 ASTAI 1/C"tJdqiiiJflt't'L . Your commrniJ ail/ rtrtl~ Ctlt(/ut (t)IU/drrotltlll 111 o mttrl"l tA tJ'~· :-;-:-::-:~:-:-~-7:"-:-:::--:-:::---;--::--;-:-:----..:'~~--:-~--:---:-------1-----
,,.,,..,,uMr tn-lrnlmlrnmmlllrt. a·Mr~ )Ou may 111/tnJ. 1/ )Ym/rtlllrol )0111' tommtll/1 lrt~rt 110/ rtrtl~ 11/air ht~ttlfll,..,. •Jolon-S«tion l wu added cdilorially and cdiaorial chanJQ were made lhrouJI>oulln October 1914. I 
m~r··-ri~n'""~~~A~(~m~rtt111~a~rht9/6hu~n~~~M/9t~ .)11~--~------~~~-~~~~~~~~~~~~~~~-~~----

·4 I 

~W'WM&& A • 

·f.~ covered by a rubber membrane:, or ~lherwise 
· ·~ , ·.1.1 This tc:st melhod covers the: deiermination sealed to be airtight. The bollom of each plate is 

. '•l or capillary-moisture relationships for coarse- main\ained at atmospheric pre~urt by means or 
···i :&nd medium-textured soils as indicated by the a small drain tube or opening thrbugh tf\c: side 
·~' joil:moisture tension relations for tensions be· of the preuure chamber. A desired air pre~ure 
.,~ '.l'rlttn 10 and 101 kPa (0.1 and 1 aim). Under admilled to the preuure chambef, and conse-

, .. ~ . equilibrium conditions, moisture tension is de- quently to the top of the porous plate, creates a 
·· '1 · 6ned as the equivalent negative gage pressure, or prc:~ure drop across the: porous pl~tc:. The s;~tu-
:~ .suclion, corresponding to a soil moisture: content. rated soil samples on the: plates c:sta,blish equilib

.. :~ This test method determines the equilibrium rium with the: water in the plate. The water, held 

.·· :·~ moisture: content retained in a soil subjected to at a tension leu than the pre~ure diop aero~ the 
· :":,:, a Jivc:n soil-wa1er tension. This test method is porous plate, will then move out\ of the soil, 

· · t.·} :aot suitable for very fine-textured soils. through the plate, and out through the drain tube. 
When water has ceased to now frorh the sample 
and porous plate, (indicating equilib1rium for that 
panicular tension), the muisturc col11ent of each 
s;~mplc: is determined. A series of these tests at 
various tensions is required to prepaie a complete 
curve: of the capillary-moislure rel~lionship for 
any particular soil. 

Non 1-For delcrminalion of capillary-moisture 
·,d~tionships for linc.·Jcxtured soils, refer to Test 
·~lclhod D 3 I j2. 

:·l Applicable Documents 
··; 1.1 ASTM Standards: 

· 0421 Practice: for Dry Preparation of Soil 
.. , Samples for Panicle-Site Analysis and De· 
'· termination of Soil Conslantsl 
::' 0698 Test Methods for Moisture-Density Re

lalions of Soils and Soil-Aggregate: Mixtures 
Using 5.5-lb (2.49-kg) Rammer and 12-in. 

. I (305-mm) Drop1 

!: 03152 Test Meihod for Capillary Moisture 
_! Relarionships for Fine-Textured Soils by 

Pressure-Membrane: Appnratusl 

0· Summary of Method 
: l.l Saturated soil samples are. plnced in con
bet with a saturated porous plate installed wilhin 

1 pressure chamber. The: boll om of each pi ale is 

•• iiJi<WP -·· 

4. Apparatus 

4.1 An assembly of the: apparatus\ is shown in 
Fig. I. 

4.1.1 Porous Platt Apparatus. consisting of 
the: following: · \ 

4.1.1.1 Prrssurt Cunwint'r, (such as a pressure 
cooker), of approximarely I 5-L ( 16-<lr> capacity. 

'T. h I .... I hu IHI mel od s 11ndcr aile Jun>..trcuon Of ASTM Com· 
mince 0.11 on Suil an.J Rod an.J is the ..tirCCI rC.ponwbilily o( 

Sut.:nmmincc 011.~ on lly.Smlosic PrO(ICnic• or Soill anol 
RodL \ 

Curren I ali lion al'f>tO•cd Scpc. I}, 1961. Oripnally iuur:d 
u 0 lJH • 6~ T. t..au pr .. ioul ali1ion 0 2l2S ~ 6-4 T. 

1 .~Muu1 D••>k r( ASTAI St.,nJoJtJJ. Vol ~.01. 

L 
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.J. ,.\pp:rrulus 

-1.1 1/a!tmc·c•. sensitive to 0.1 g. 
·U .llortar a/1(1 Rubh,•r-Cm•,•((•d Pestle, suita· 

hk r,,r hrcnldng up the aggregations of soil par-
til'll'S. ' 

·U Sh·•·r.1·. No. 10 (2.00-mm) and No. 40 
<-I! ~-11111), of square mesh woven-wire doth, con
lill·ming to Specification E II. 

4.-1 Sampll'r-A rime SJmpler or s.1mple split· 
Ia Ji1r qu;~ncring the SJmples. 

-1 5 IJr,rin;: .·lflflamtu.r-Thermostaticnlly 
,·.,ntrnlkd llrring oven for usc at 140'F (60'C) or 
bdn••· and at ~JO'F (I IO'C), infrnrcd lamps; nir 
driL·r: or tlther suitable device for drying S:lmples. 

·U Fi/t('r fwwcls elf Cand/es-Biichncr fun· 
I WI\ I 0 in. (254 mm) in diameter and liltcr·paper 
.... Iiiia (andlcs. 

-1.7 .l!i.l'cc//anc•ou.\· Equi,me/11-Pans I 2 in. 
I .lll-I.X mm) in di:~mcter and 3 in. (76.2 mm) in 
·,kpth: a suitahlc container that will prevent lou 
,,( n11•i.\lurc during slor:~gc of the moist test sam· 
ph- pr.:parcu in Procedure B. 

PROCEDURE ,\ 

\. Sa111pling 

· 5.1 Drr the soil s:~mple as received from the 
·,rid. using one of the following methods: (/) in 
ur at room temperature, (2) in a drying oven at 
' h:mpcr;~t urc not exceeding I 40'F (60'C), or (J) 
•~ins :1ny warming device that will not r:~ise the 
l·mro:r:~turc of the SJmple above I 40'F. Break 
1Jllhoroughly :~ny nggregations of panicles using 
hl' monar :Jnd rubber-covered pestle or other 
uitahle dc•;icc (Note I). Select a representative 
•••ni,ln hy the method of qu:u'lcring or by use of 
Ill' ~amrlcr. This ponion must be sufficient to 
·r·,•·ilk ~:1mpl.:s for p:~nicle-size analyses of ma
:ri:ll rclaim·u 11n :1nd passing the No. 10 (2.00· 
11111 siL·•·c. :111d to provide an ndcqu:11e amount 

'f mall' rial passing the No. 40 (425·}1 m) sieve for 
ll' 1c~1s 10 tktcrminc soil constants. The 
llliiUiliS of m~leri~J required tO perform the 
uli•·idual l!'~ls ~re as follows: 
ulid"··.'iiiC' An.1lysis o( MaiC'rial Rcuintd 

nn Nn. 10 (2.00·n'm) Sie,'t: 
t ir;n .. ·lly )(lils, 1 
~.llld) ~·ih..' 

'\•h) "' .-IJ)-cy ,.,;1.._ 1 
ulld,··Silt An.1ly~i1 n( M:altri~l Panin& 

:--.;,, ICII !.IXl·n>m) Sieve: 

"·''"'~ .... ih," 
~~II\ or da)'-'Y '-lth., & 

HXlOto 10000 
I 500 
~00 

~--~ ... r.:ll:fiJ. . .... lllllJIBIJ. I ~ ' 

~@! 0 2217 
'• 

Ttsu tor !Xtcrminalion or Soil Conllants: 
Liquid limit, 1 
Plallic limil. 1 
Ccntriru,c moisture cquivalcnl, 1 
Shrinb&c (acton. a 

at a temperature not exceeding 140'F (60'C). 
'Hir~\JI""" the dried soil in ihe monar with the rub

...... u"""u pestle or other suitnble device, and 

' C'hcck ICstS. I 
with similar material obtained in 6.1.1. 

1.5 Alternatively, afier nll the soaked mate-
Non: 1-Whcn the s.Jmple contains 

shale or s.Jndstonc or similar weak 
muu be c~crciscd to avoid excessive 
size of the panicles. 

has been washed, remove most of the water 
DrOIXI'CiifJ:L· filtering the wash water on one or more Bilch

funnels filled with Iiller paper or by using 
candles. Remove the moist soil from the 

6. Preparation of Test Samples paper or Iiller candles, combine with any 
6.1 fi1r Partld~·Siu Analysis: remaining In the pan, and dry at a 
6.1.1 Weigh the ponion of the test not exceeding 140•F (6Q•C). Grind 

$elected for panicle-size analysis and soil in the monor with a rubber-covered 
the weight of test s.ample uncorrected for or otht:r suitable device and combine with 
scopic moisture. Separate this material intot..ill:~.••""-· material obtained In 6.1.1. 
~nions using the No. 10 (2.00-mm) sieve.~ 2-ln some Instances, the wash water will not 
aside the ponion p:~ssing for later recombinatX. clear in a reasonable len&th of time: In this case 

entire volume must be cvaporJicd. 
with additional material washed from the poni:i 
ret:lined on the No. 10 (2.00-mm) sieve. . .j ,6.2 For D~rmnination of Soil. Constants-
. 6. 1.2 Place the material retained on the~ in accordance with 6. I, substituting a 
10 (2.00-mm) sieve in o pnn, cover with WJ~ <40(425-llm) sieve for the No. 10 (2.00-mm) 
and ollow to soak until the panicle nggregaliCIIJ 
become son. After soaking, wash the material :NoT£ l-In some arm it is possible that the cations 
a No. 10 (2.00-mm) sieve in the following present in the lap water may uchanse with the 

cations in the soil and allcr signi/icanlly lhc 
ncr: Place an empty No. 10 (2.00-mm) sieve oflhc soil consunu should 1a11 water be used in 
the boll om of a clean pan nnd pour the kin& and washin& opc1111ions. Unless ills known 
from the soaked sample into the sieve. Add such cations arc not present in the cap water, 
licient water to bring the level approximalelJIIR:""'"''u or deminc111lized water should be used. The 
in. ( 12.7 mm) above the mesh of the sieve. and wash In& operation will remove soluble salts 

""-'"""'"'nM In the soil. When soluhle 5alls arc present in 
fer the soaked material to the sieve in in the wuh water should be uvcd and cvaporJtcd, 
not exceeding I lb (0.45 kg), stirring ench the uhs returned 10 the soil l.lmple. 
ment with the lingers while ngit:~ting the sieve 
and down. Crumble or mash any Jumps 
have not slaked, using the thumb and li 
Raise the sieve above the water in the pan 
complete the washing operation using a 
amount of clean water. Transfer the washed 
terial on the: sieve to a clc:Jn pan before pl3ci~ 
another increment of soaked mntcrial on 1~ 
sieve. 

6.1.3 Dry the material rctnincd on the No. 11 
(2.00-mm) sieve nt a temperature of 230 :t 9i 
(I I 0 ± 5'C), sieve on the No. I 0 (2.00·mm) sic\\ 
and add lhe material pnssing the sieve to simibr 
material obtained in 6.1.1. Set aside the mateN 
ret:lined on the sieve for use in the p:Jnicle·silt 
analysis. 

6.1.4 Set aside the pnn cont:~ining the wllb
ings for a period of several hours or until t~ 
water nbove the panicles is clear. Decant, pipet... 
Or siphon ofT as much of the clear Willer I 

possih.le (Note 2). Dry the soil remaining in the 

·71 Test S-amples 
7.1 Keeping each ponion separate from the 

01hcr ponion, mix thoroughly the ponions of the 
sample passing the No. 10 (2.00-mm) sieve 
the No. 40 (425·1-lm) sieve. By the method 

ng or by the. usc of the s.amplcr, select 
weigh out test samples of the weights indi· 

in Section 5. as may be needed to make 
required tests. 

PHOCEOUR~: n 

8.1 Samples prep:~rcd in accordance with this 
·procedure must be shipped from the field-to the: 
bborntory in scaled contnincrs and must contain 

·.all their natural moisture. Samples obviously 
containing only particles passing the No. 10 
(2.00-mm) sieve may be tested in the panicle· 

size analysis without first washing on the No. 10 
(2.00-mm) sieve. Samples containing 
only p:~nicles passing the No. 40 (4 m) sieve 
:nay be u~oed in the tests to deter $0i\ con· 
scants without lirst washing on the 40 (425· 
1-1m) sieve. 

9. Preparation of Test Samples 

9:1 For Particle-Size Analysis: 
9.1.1 Select and weigh a repreSentative por

tion of the moist sample estimated ld contain SO 
g of panicles passing the No. 10 (2.00-mm) sieve 
for silty and clayey soil, or 100 g (o~~ sandy soil. 
For samples containing panicles not p:~ssing the 
No. 10 (2.00-mm} sieve for which a particle-si1e 
analysis is r~uired, select and weigh~ represent· 
ative s:~mple estimated to contain the required 
nmounts of panicles both passing and) not passing 
the No. 10 (2.00-mm) sieve.'Determine the mois· 
ture content at 230 ± 9'F (I 10 ± 5'C) using an 
au~ifiary Sllmple, for use in Method p422. 

9. 1.2 Soak the moist s.ample and wash on a 
No. 10 (2.00-mm) sieve as describbd in 6.1.2. 
Aficr washing, dry the material retained on the 
No. 10 (2.00-mm) sieve in an oven~~ a temper· 
ature of2JO ± 9'F (I I 0 ± 5'C), weigh, and retain 
for the panicle-size analysis. If the vo'!ume of the 
wash water and soil is too large (o~ use in the 
sedimentation procedure of the test for pnnicle
size analysis, evaporate excess water by exposure 
to air at room temperature, by heating in an oven 
at a temperature not exceeding 230·F1( I !O'C), or 
by boiling. Regardless of the method of evapo
ration used, the: following precautiohs must be 
taken: ( /} stir the slurry from time\to time to 
prevent a dry soil ring from forming on the walls 
of the evaporation .ves!oCI, and (2)) return the 
temperature of the s.ampfe to room temperature 
before testing. ) 

9.2 Fm D,·trrminatinn nf Snit Cnn.ttant.t-Sc
lcct a representative ponion of the mbist s:~mple 
estimated to contain sufficient pnnitles passing 
the No. 40 (425-~m) sieve to make the required 
tests for determination of soil const1ants. Soak 
this selected ponion of the moist s1mple and 
wash on the No. 40 (425-ll m) sieve a~ described 
in 6.2 (Note 2). Reduce th~ moisture \content of 
the m:1terial passing the No. 40 (425illm) sieve 
until the mass reaches a pully·likc consistency 
(such as 30 to 35 drops of the cup in\ the liquid 
limit test) but nc:vcr below the natural moisture 

I 
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- ---- .. curacy of 'i'fiTSTesl method have nol ycl bccl'·'. 
developed. ·~J ., 

~ ~ 

10.1 Requirements for the precision and ac· 

7'1tr Amrriran Snrittyfot Tull~l D~d Mat trials talctiiiD posltla11 rt~pUifllliAt •olldltJ of D~J po1t11t rltAII al/tr1N II. 
r11MUti1111 •;tJt ""J'I/tm mc111io11td /11 tM-1 11onJord. UuruftiUJ standard all t11f11Jil.f atlriJtd thai dtltrmlnat/oll aftAt•ll'Jtf . 
••f unr lllrA pnlt~t ri&AIJ, onJ tAt riJk of U.frill&tmtnl ofsvcA ri&AII, ott tlltlrcly /lttlr owiiUiponslbllity. '·). 

i:i 
J'lti.1 Ila~tlunl i.•suhfrr//0 rtrlsioll a/ Gll.f llmt bJ tAt usporulblt lttAIIItal rommllltr a11d mw1t bt rtrlt•'fd ""1 fl•t JW";' 

,m./ if nnt rrri.lfJ. ritAtr rrapprortd or witAdra""'- Yo11r commtll/1 art /llrlud t/IAtr for rtrlslo11 oftAIIIIanJard Dr for llddllw.J' .. 
"''"'/,.,.!1 anJ 1An10/J ht tJtldrtutdto ASTM /ltadqutJrltrJ. Yowr commtnllwt/11 rtttlrt CDrtfwl COIIIIdtrDtloiiDt II mtttllll</W·; 
"·'l'''"·'ih/r ttrAniral rDmmilttt, •·Air A yow may Olltlld. If JDIIfttltJtot JD"' tOiflmtllll A art 1101 ucrlrttl a fair !lrarlnlJDWI4Nl ·~ 
no.t~r ''""' rir•·J kilo•" to tAt ASTM Commilltt Dll Slo11dard1, 1916 II, art St., fAI/adtlpAio, fa. t9tOJ. /{ 

~~--. Jull" Dealgnallon: o 2211- ss - -
Jl, ,, 
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. Standard Practice for \ 

WET PftEPARATION OF SOIL SAMPLES FOR PARTICLE· 
SIZE ANALYSIS AND DETERMINATION OF SOIL I 
CONSTANTS1 1. 

~ . I ; ', I 
·:.~ IUIIdord,isluued under I he r.•ed.~csi&nation D ll17; the. n.umlxr immediately foll.,.in& the deslanation, indiratn the ~t•r or 
'11'1Jul adopt•on or, In the rase of.revtSJon, I he ye;r o( Usl rcv&uon. A number in parenthCKs indirotcslhc rur or l•st rupp<o•al 
~,AIIptnrnPI epsilon (•) indicales an editorial chanac Iince the loultcvision or rcapproval. I • 

tlwt ,. .. Tict Aas I>«" G(l(lflll'tJ fur &Ut h.v atrndtJ r{tht Drpanmr111 qf DrftiiJt and fur lbtint In tht D<JD /L,.x qf SP<"'i/katitNU r"' SIDitdurJ.r. I, 
., \ 
•!f I 
~I. Scope E II SpcciCic:llion for Wire Ooth Sieves for 
t 1.1 This practice covers the wet preparation Testing Purposes1 ! 
(J soil samples as received from· the field for \ 

ipu1iclc-size analysis and de1ermination of soil 3· Signlncance and J?se I 
·~CPnstaniS. J.l Procedure A is used to piepare soil sam-
). 1.2 Procedure A provides for drying the field pies for plasticity Jests and pani~lc-sizc an~ lysis 
:Simple at a temperature not exceeding J40•F when the co:~rsc-gr:~ined paniclcslof a sample ~re 

,, ··;tro'C), making 11 wet separation on the No. 10 soft and pulverize readily, as in Practice D 421, 
\. ::(1.00-mm) sieve, or No. 40 (425-~m) sieve, or or when the Cine panicles arc very cohesive and 
1{ 'both, as needed, and finally drying al a temper- tend to resist removal from the coarse panicles. 
:t;' 'llure nol exceeding 140•F. Procedure 0 provides J.2 Some soils never dry ou1 1in n:llure and 
:{ ;~tthe sample shall be kepi at a moisture con- may change their characteristics

1 
greally when 

·!:~ .kill equal to or greater th:m the natural water dried. If the true natural gr:~datio~ and plas1icity 
·~ 1 :C'OIItent. The procedure to be used should be characteristics of such soils :~re desired, these soils 

'ladiCOltCd in the spccilic:llion for the material should be shipped to the labora\ory in scaled 
kin& tested. If no procedure is specified, the containers and proces.scd in accord'ance with Pro-

. ~\isions of Procedure 8 shnll govern. ccdure 0 of I his practice. \ 
iJ; 1.) This slandnrd mm• im·o/l·e hazardous 1110• 3.3 Liquid limit and plasticity\ index values 
, ltrials. oprrations. and t•quipmrnt. This s/andard derived from samples conlnining their natural 
.'l~ts not purport to address all of the safety prob- moisture nre usually, but not always, equal to or 
l hu assoclatrd ll'ith Its 11.rc. Ills I he mpansibil· higher than values derived from sitnilar s:~mples 
'iT(Ifll'hocvcr uses this standard 10 con.w!Jand of the dried soil. In the case o~ Cine-grained 
, 'rtahlish approprlau: safety nnd health practices· org:~nic soil, lhcre is a radical drop in plasticity 
=·..a,Mrrmlnetheapplh·ubilitJ'O[regulatorJ'Iimi· due 10 oven drying. 
:~~ons prior to use. 

,~'Applicable Documcnrs 
:) 2.1 ASTM Standards: 

:. 0421 Praclice for Dry Prcparalion o( Soil 
~t' ~mples (or Partide-Siz.e An.1lysis and De:
'· :• lc:llniJatioo o( SoU COtlJUIJU' 
.10m Uahod (or Patticf.e.S'rz.e Anatysfs o( r.. ·Soils' , .. 

k 

I 
1 This pracaicc !J under I he JuriJdic!ion ol ASTM Commincc 

0.11 on Soil 111<1 lloct and k lhc dit«t r~nlibilily of 
Subcommlucc DII.DJ on Tuture,l'!a$41day, Jnd OctulayO.U· 
KUnsue. ol $oih. I 

c.atM ~ ~W~ WIT u, tnJ, flltlkl.ed tq(~• 
6a I11J,~,.Vrd.tl4 M D1111·~J1)List ~ 
~St~ottont1·66ftmt•. 1 

'AMIIIII8ook ~ AST-'1 SIDitl!otriJ, Vol 04.01. 
1 Alltlltul Buul. t( ASTA/ Sialltlottls, Vol 14.02. 
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PERMEABILITY OF SOIL 

Scope and Application: This method is applicable to soil sampl~s collected 
as part of the Muskego Sanitary Landfill Rl/FS. 

Method: T W,.th Back Pressure (Flexible Wall permeability). Permeability est 

Reference: 

Precision: 

A endix VII SPction 7, Engineer Manual EM 1110-2-1906 (~0 
Ng~ember 1970), Headquarters, Department of the Army, Off1ce 
of the Chief of Engineers (see Attachment One). 

-The method is applicable to soil having a saturated permeability 
of less than 1 x 10-3 em/sec. Overall precision is expected to 
be less than 50 relative percent difference (RPD). 

Sample Handling: Samples will be collected in 3 inch diameter Shelby tubes, 
capped and store at 4 degrees centigrade until analyzed. 

Reagents and EguiprPent: 

1. O.OOSN CaS04 in dearied, deionized water (boiled). 

2. Pressure chamber for permeability testing. 

3. Scale capable of weighing to the nearest 0.01 gram. 

4. Sample extruder capable of extruding the soil core from the Shelby 
tube in the same direction of travel that it entered. 

5. __ Spectmen-trimming equipment, which-may-include--soil lathe, wire 
saw, spatulas, knives, steel rasp or ~teel straight edge. 

6. Flexible membrane which shall encase the lateral boundaries of the 
specimen and prevent leakage. 

7. Drying oven (105° C). 

Procedure: 

1. Extrude samole from the Shelby tube in the same direction the sample 
entered the tube. 

2. Select and trim a m1n1mum 6 inch length of undistrubed core for use. 
Avoid smearing of the sample ends while trimming samples. 

3. Retain a separate section of core for determination of specific 
gravity (ASTM D854-83, see Attachment Two). 

1-I~USKEGO 
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4. Measure and record the length and diameter of the trim~ed specimen 
to the nearest 0.01 inch and the wet weight to the nearest 0.1%. 

5. Performance of the test shall follow that described under paragraph 
7~. page VII-17 of EM 1110-2-1906 (attached). 

6. After permeability testing is completed, determine the dry weight of 
the sample by drying at 105 degree centigrade. 

Results: 

1. Conductivity will be calculated using the falling head method (See 
Attachment three). 

2. Results will be presented in the format shown on Attachment Three. 

I Quality Control: 

I 
I 
·1·--

1. Samrles analysed for quality control purposes will be limited to 
field duplicates. As samples for permeability testing are taken 
from intact cores (ie. not measured on homogenized, repacked 
samples), it is not possible to obtain what could be considered a 
laboratory duplicate. Results of field duplicates are expected 
to agree within 50 relative percent difference (RPD). 
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ATTACHMENT THREE 

WARZVN 

------1408 .MIL STA.IIT • ... 0. BOX 8538, MACISON, WIS. 53718 • T.L. (608) 257-4848------

SAMPLE 
DEPTH 
SOIL DESCRIPTION 

INITIAL FINAL INITIAL FINAL INITIAL FINAL 
SAMPLE DIAMETER (em) 
SAMPLE AREA, A (cmZ) 
SAMPLE LENGTH, L (em) 
MOISTURE CONTENT,~ 
DRY DENSITY (PCF) 
MAXIMUM GRADIENT 
NET CONFI~INGJ 
PRESSURE PSI 

COEFFICIENT OF PERMEABILITY, k (em/sec) 
RUN NO. 1 

2 

3 
4 

5 

6 

7 

8 

9 

10 
AVERAGE k, (em/sec) 

FORMULA: k = 2.3 a L log10 ~ 
2 At h1 

REMARKS: 

Where a = cross-sectional area of standpipe, 
t =time for water level to fall from 

initial height, ho, to final height, h1 
(·All other terms are defined above) 

I 
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ATTERBERG LIMITS 

Scope and Application: This method determines the liquid limit, plastic 
limit and plasticity index of soil samples from 
Shelby tubes after permeability testing. 

Method: Standard Test r~ethod for Liquid Limit, Plastic Limit and Plasticity 
Index of Soils ASTM D-4318 (Liquid Limit by One-Point Test) with 
minor modifications. 

Sample Handling: Samples will remain in Shelby tubes and be snipped daily 
by overnight carrier. 

Reference: Annual Book of ASTM Standards, 1987, Soil and Rock; Building 
Stones; Geotextiles, Vol. 04.08, Section 4, Construction. 

Apparatus: 

1. Brass cup 
2. Grooving tools 
3. Liquid limit drop device 
4 • So i 1 s i eves 
5. Height Gage 
6. Balance 
7. Drying oven & moisture containers 
8. Hard ruhber base 

Notes: 

1. The liquid and plastic limits of many soils that have been allowed to 
dry before testing may be considerably different from values obtained 
on undried samples. If the liquid and plastic limits of soils are used 
to correlate or estimate the engineering behavior of soils in their 
moist state, samples should not be permitted to dry before testing 
unless data on dried samples are specifically desired. 

2. The composition and concentration of soluble salts in a soil affect the 
values of the liquid and plastic limits, as well as the water content 
values of the soil (see r~ethod D 2216}. Special consideration should 
therefore be given to soils from a marine environment or other sources 
where high soluble salt concentrations may be present. The degree to 
which the salts present in these soils are diluted or concentrated must 
be given consideration if meaningful results are to be obtained. 

3. Since the tests described herein are performed only on that portion of a 
soil which passes the 425-um (No. 40) sieve, the relative contribution 
of this portion of the soil to the properties of the sample as a whole 
must be considered when using these tests to evaluate the properties of 
a soil. 

1-A tterberg 
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Sample Preparation: One-point Liquid Limit 

1. Samples fnr One-point Liquid Limit analysis will be prepared 
according to ASTM 04318 procedure, Section 10.1 (wet preparation) 
or 10.2 (dry preparation). 

2. Samples for Plastic Limit analysis will be prepared according 
to ASTM 04318 procedure, S~ction 16.1. 

Sample Analysis: 

1. The sample will be processed to remove any material retained on a 
425-um (No. 40) sieve. The liquid limit will be determined by 
performing trials in which a portion of the sample is spread in a 
brass cup, divided in two by a grooving tool, and then allowed to 
flow together from the blows caused by repeatedly dropping the cup 
in a standard mechanical device. ASTM 04318, Sections 13 and 14. 
indicate the one-point liquid li~it test can be used when the number 
of blows is between 20 and 30. A minimum of two trials are performed. 
If the number of blows differ by no more than 1 blow, then the mois
ture content is determined. If the numher of blows differs by more 
than 1 blow, then the test is repeated until two consecutive trails 
agree within 1 blow. 

2. The plastic limit will be determined by alternately pressing together 
and rolling into a 3.2 mm (1/8 in.) diameter thread a small portion 
of plastic soil until its water content is reduced to a point at 
which the thread crumbles and is no longer able to be pressed together 
and rerolled. The water content of the soil at this stage is reported 
as the plastic limit. 

3. The plasticity index is calculated as the difference between the liquid 
limit and the plastic limit. 

Calculations: 

1. The "K" factor for liguid limit in Table 1 of ASTM 04318 is applied to 
the moisture content from the liquid limt trials to determine the 
liquid limit value. 

2. Threads of soil will be rolled to the targeted diameter until a total 
specimen weight of 50 grams or more is obtained. The moisture content 
of the speci~en is the plastic limit value. 

3. The plasticity index is equal to the liquid limit minus the plastic limit. 

2-Atterberg 
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1. Duplicate 2 out of 10 for sets of less than or equal to 10 samples 
and 1 out of 10 for sets greater than 10. Duplicates should be less 
than or equal to 10%. 

[KAW-7-30] 3-Atterberg 
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~~ Designation: D 431 B - 84 

--- -- - ----··-------------------

Standard Test Method for 

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF 

SOILS1 

Tim sund>rd 11 i"'uc."d under the fl\c."\ld,-signJtwn D 4) 18; tht numl>c:r immrdiattl)" follo,.·ing tht d~i&nation 1nd•c•t~ tht \tlf of 
onJinal JJ~pu~n. or. 1n t~ ~:a~ of rrn~1on: the ~rar o~ last revis.ion. A_ ~umbt-r in parenthnres indicatn the ~ear of lilt re~pPnH·:al. 
'WJ)('r~:npt epsalon I•) 1ndu.·atn ~n ~110nal Lhansr s•nc-r thr IHl rr-v1saon or rrapJno"·al. 

T1tn 1''.\l mt'thoJ h(J' ht-.·n tJf'f"0 '"-"fi ,;,, '"•' h_r tJ.t:•'"' h'-' ·,~{the Dt'()(Jrtmrnlt~((),.ft•n,.,· unJfor liJtinR in I he• f)oD fnJc•x o{Sp.·t:tliauionJ 
,,J StunJ<JrJ, . 

I. Scope 

1.1 This test method covers the determination 
of the liquid limit. plastic limit. and the plasticity 
index of soils as defined in Section 3. 

1.1.1 Two procedures for preparing test spec
imens and two procedures for performing the 
liquid limit are provided as follows: 

A Multipoint test using a wet preparation 
procedure. described in Sections 10.1. II. 
and 12. 

B Multipoint test using a dry preparation 
procedure. described in Sections 10.2. II, 
and 12. 

C One-point test using a wet preparation pro
cedure. described in Sections 13, 14, and 
15. 

D One-point test using a dry preparation pro
cedure. described in Sections 13, 14. and 
IS. 

The procedure to be used shall be specified by 
the requesting authority. If no procedure is spec- • 
ified. Procedure A shall be used. 

NoTE 1-Prior to the adoption of this test method, 
3 curved grooving tool was specified as pan of the 

. 3ppar.uus for performing the liquid limit test. The 
curved tool is not considered to be as accurate as the 
flat tool described in 6.2 since it does not control the 
drpth of the soil in the liquid limit cup. However, there 
3rt .so.me dat.1 w~ich indicate that typically the liquid 
hm1t IS shghtly Increased when the nat tool is used 
in~tead of the curved tool. 

1.1.2 The plastic limit test procedure is de
~eribed in Sections 16. 17. and 18. The plastic 
limit test is performed on material prepared for 
the liquid limit test. In e!Tect, there are two 
procedures for preparing test specimens for the 
plastic limit test. 

763 

1.1.3 The procedure for calculating the plas
ticity index is given in Section 19. 

1.2 The liquid limit and plastic limit of soils 
(along with the shrinkage limit) are often collec
tively referred to as the Atterberg limits in rec
ognition of their formation by Swedish soil sci
entist. A. Atterberg. These limits distinguish the 
boundaries of the several consistency states of 
plastic soils. 

1.3 As used in this test method. soil is any 
natural aggregation of mineral or organic mate
rials. mixtures of such materials. or artificial mix
tures of aggregates and natural mineral and or
ganic particles. 

1.4 The multipoint liquid limit procedure is 
somewhat more time consuming than the one
point procedure when both are performed by 
experienced operators. However. the one-point 
procedure requires the operator to judge when 
the test specimen is approximately at its liquid 
limit. In cases where this is not done reliably. the 
multipoint procedure is as fast as the one-point 
procedure and provides additional precision due 
to the information obtained from additional 
trials. It is particularly recommended that the 
multipoint procedure be used by inexperienced 
operators. 

1.5 The correlations on which the calculations 
of the one-point procedure are based may not be 
valid for certain soils. such as organic soils or 

1 This tc:sl method is under the jurisdiction of ASTM Com· 
mince D-18 on Soil and Rock and is the dirtet mponsit>ility of 
Subcommittee 018.03 on Tt•turt. Plasticily and Density C'har
aclCristiC1 of Soils. 

Currtnt rdition approvrd Oct. 26. 1984. Publishrd Deccml>c:r 
1984. Originally put>lishrd as D 4318 - 83. Lut prtvious rdition 
D 4318- 83' 1

• 
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~ils from a marin,· <'nvironment. The li4uid 0 653 Terms and Symbols Relating to So1i NOll. ~-lh,· uuJrJ,n,·J >h<'"' '"'. 

liquid limit is cun,i<kr,·..: "' ~ ~ 1cfl ~ 
limit of these soils should therefore be deter- anrl Rock' 
mined by the multipoint procedure (Procedure D 1241 Specification for Materials_for_:~~•u~•----"-'-'-'~- iu./!/_;-th.:-v.~-

----~- A).__ ·-~~------Aggregate S-ubbase. Base. and Surfacr percent. of a ~oil at th,· h.1unJ~• 
1.6 The liquid and plastic limits of many soils 

that have been allowed to dry before testing may 
be considerably different from values obtained 
on undried samples. If the liquid and plastic 
limits of soils are used to correlate or estimate 
the engineering behavior of soils in their natural 
moist state, samples should not be permitted to 
dry before testing unless data on dried samples 
are specifically desired. 

I. 7 The composition and concentration of 
soluble salts in a soil affect the values of the 
liquid and plastic limits as well as the watc.-r 
content values of soils (see Method D 2216). 
Special consideration should therefore be given 
to soils from a marine environment or other 
sources where high soluble salt concentrations 
may be present. The degree to which the salts 
present in these soils are diluted or concentrated 
must be given consideration if meaningful results 
are to be obtained. 

1.8 Since the tests described herein are per
formed only on that portion of a soil which passes 
the 425-~m (No. 40) sieve, the relative contri
bution of this portion of the soil to the properties 
of the sample as a whole must be considered 
when using these tests to evaluate the properties 
of a soil. 

1.9 The values stated in acceptable metric 
units are to be regarded as the standard. The 
values given in parentheses are for information 
only. 

1.10 This standard may invo/1·e ha:ardous 
materials. operations. and equipment. This
standard does not purport to address all of the 
safety problems associated with its use. It is the 
responsibility of whoever uses this standard to 
consult and establish appropriate safety and 
health practices and determine the applicability 
of regulatory limitations prior to use. 

2. Applicable Documents 

2.1 ASTA.f Standards: 
C 702 Methods for Reducing Field Samples of 

Aggregate to Testing Size2 

D 75 Practice for Sampling Aggregates} 
D 420 Recommended Practice for Investigat

ing and Sampling Soil and Rock for Engi
neering Purposes• 

Courses' plastil· anJ brillk \tatn. The ~.<; 

0 2216 Method for Laboratory Determination this boundary i~ the" at,·r ront,·nt 
of Water (Moisture) Content of Soil. Rod. can no longa h.· dd;,rm,·J n' r. 
and Soil-Aggregate Mixtures• mm ('I• in.) in d1ar:1,·ta thread, 

D .!240 Test Method for Rubber Propcny- bling. 
Durometer Hardness1 3.5 plastic .1<~11-a ~1il whi,·h I 

D 2487 Test Method for Classification ofSoih water content on·r wh••h it nh 
for Engineering Purposes• and which will retain its shJp..· nn 

D 2488 Practice for Description and ldentifi· 3.6 pla.wicit.r ind.·\ I /'/;-the • 
cation of Soils (Visual-Manual Procedurcr content over which a soil h.·ha' 

D 3:!82 Practice for Classification of Soils allll Numerically. it is th<' dilkr,·nc<' h. 
Soil-Aggregate Mixtures for Highway Con· uid limit and the plasti<· limit. 
struction Purposes' 3.7 liq11iditr Indo-the rat"'· ' 

E I I Specification for Wire-Cloth Sieves for pcrccntagc. of I 1 l th<' natur.!l wate 
Testing Purposes• soil minus its plasti,· limit. tn 1 _, 

E 319 Methods of Testing Single-Ann Bal- index. 
ances6 3.8 actirit.r 1111111ha (.-IJ-th.: r~ 

E 898 Method of Testing Top-Loading. Di· plasticity index of a soil to (.') tl 
rect-Reading Laboratory Scales and BaJ. weight of panicles having an ,·qu•v; 
ances• smaller than 0.00.! mm. 

J. Definitions 

3.1 Auerbt'Tg limits-originally, seven "limiu 
of consistency~ of fine-grained soils were defined 
by Alben Atterberg. In current engineering U5a8(. 

the term usually refers only to the liquid limit 
plastic limit, and in some references, the shrink· 
age limit. 

3.2 consistenc)'-the rc.-lative ease with ~hich 
a soil can be deformed. 

3.3 liquid limit (LL)-the water content, in 
percent, of a soil at the arbitrarily defined bound· 
ary between the liquid and plastic states. Thil 
water content is defined as the water content 1t 
which a pat of soil placed in a standard cup allll 
cut by a groove of standard dimensions will 0011 
together at the base of the groove for a distanct 
of 13 mm (1h in.) when subjected to 25 shocb 
from the cup being dropped 10 mm in a standanl 
liquid limit apparatus operated at a rate or 2 
shocks per second. 

1 Annual 8ooJc of ASTM Srandardl, Vol 04.02. 
'A"nual BooJc of.~STM Suuu:lardl, Vots 04.02, 04.0l.ul 

04.08. 
'Annual BooJc of ASTM Standard<, Vol 04.08. 
'Annual Boolc of ASTM Standard<, Vol 09.01. 
• Annual BaoJc of ASTM Srandardl, Vol 14.02. 

4. Summar) or Method 

4.1 The sample is pron-s.o;cd to 
material retained on a 4::!5-~m <" 
The liquid limit is dch:rmin.:d b 
trials in which a ponion of the s;Jn 
in a brass cup, divided in two by a! 
and then allowed to now tt>g,·th 
shocks caused by rcp.::.~tcdly droppi 
a standard mechanical d,·virc. Th 
liquid limit, Procl'durcs A and B. r 
or more trials over a rJngc of watc 
be performed and the data from the 
or calculated to make a rclationshir 
the liquid limit is determined. n 
liquid limit, Procedures (' and D. ' 
from two trials at one watl"r contet 
by a correction factor to dr:tcrmir 
limit. 

4.2 The plastic limit is dctcrmir 
nately pressing together and rollin 
mm (1/a in.) diameter thread a sma 

plastic soil until its water cont~nt is 
point at which the thread crumbll 
longer able to 0e pressed tog,·ther ; 
The water content of the soil at 
reponed as the plastic limit. 
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\oJII ~-The ur.drJint'\.1 ~h,·ar ,lrrnj!th of soil atlht• 
uquod hmot ;, romidt•rt'\.1 tu Ill:~ :tO.~ ~Pa (0.21! psi) 

3A plastic limit (/'/.)-the water content, in 
-pen-ent;-of-a· soil-at-the boundary-hctween-the 

plastic and brittk states. The water content at 
thi~ boundary is the water content at which a soil 
(;In no longer tx· deformed hy rolling into 3.2 
mm ('/,in.) in diameter threads wnhout crum
blinf. 

3.5 pltwic soil-a soil which has a range of 
"-all:r content over which it e.\hihits plasticity 
~nd which will retain its shape on drying. 

3.6 plasticit_r index ( Pl)-the range of water 
content over which a soil behaves plastically. 
Numerically, it is the difference between the liq
uid limit and the plastic limit. 

J. 7 liquidit.r index-the ratio. expressed as a 
~rccntagc. of (I) the natural water content of a 
soil minus its plastic limit, to (l) its plasticity 
inde.\. 

3.8 actirit)' number (A)-the ratio of(/) the 
plastiriry index of a soil to (l) rhc percent by 
"·eight of panicles having an equivalent diameter 
smaller than 0.002 mm. 

4. Summary of Method 

4.1 The sample is processed to remove any 
material retained on a 425-J.lm (No. 40) sieve. 
The liquid limit is determined by performing 
trials in which a portion of the sample is spread 
in a hrass cup, divided in two by a grooving tool. 
and then allowed to flow together from the 
:;hocks caused hy repeatedly dropping the cup in 
a standard mechanical device. The multipoint 
liquid limit, Procedures A and B. requires three 
or more trials over a range of water contents to 
be performed and the data from the trials plotted 
or calculated to make a relationship from which 
the liquid limit is determined. The one-point 
liquid limit, Procedures (' and D. uses the data 
from two trials at one water content multiplied 
by a correction factor to determine the liquid 
limit. 

4.2 The plastic limit is determined by alter
nately pressing together and rolling into a 3.2 
mm ('I• in.) diameter thread a small ponion of 
plastic soil until its water content is reduced to a 
point at which the thread crumbles and is no 
longer able to be pressed together and rerollcd. 
The water content of the soil at this stage is 
reported as the plastic limit. 

765 

4.3 The plasticitv inJn is rakulated as the 
dilkrcncc oct ween the li4uid limit and the plastic 
limit. 

5. Signifil'11nr~mrOsr 

5.1 This test method is used as an integral part 
of several engineering classification systems to 
characterize the fine-grained fractions of soils (sec 
Test Method D 24!!7 and Practice D 3282) and 
to specify the fine-grained fraction of construe· 
tion materials (sec Spccifil·ation D 1241 ). The 
liquid limit. plastic limit. and plasticity indc:;. of 
soils arc also used extensively. either individually 
or together with other soil propcrtil'S to correlate 
with engineering tx:havior such as comprcssihil· 
ity, permeability, compactihility. shrink-swell. 
and shear strength. 

5.2 The liquid and plastic limits of a soil can 
be used wirh I he naturJI water content of I he soil 
to express its relative consistency or liquidity 
index and can he used with the percentage finer 
than 2-~m size to determine its activity number. 

5.3 The one-point liquid limit procedure is 
frequently used for routine classification pur
poses. When greater precision is required, as 
when used for the acceptance of a material or for 
correlation with other test data. the multipoint 
procedure should be used. 

5.4 These methods are sometimes used to 
evaluate the weathering characteristics of clay
shale materials. When subjected to repeated wet
ting and drying cycles, the liquid limits of these 
materials tend to increase. The amount of in
crease is considered to be a measure of a shale's 
susceptibility to weathering. 

5.5 The liquid limit of a soil containing sub
stantial amounts of organic matter decreases dra
matically when the soil is oven-dried before test
ing. Comparison of the liquid limit of a sample 
before and after oven-drying can therefore be 
used as a qualitative measure of organic matter 
content of a soil. 

6. Apparatus 

6.1 Liquid Limit Device-A mechanical de
vice consisting of a brass cup suspended from a 
carriage designed to control its drop onto a hard 
rubber base. A drawing showing the essential 
features of the device and the critical dimensions 
is given in Fig. I. The design of the device may 
vary provided that the essential functions are 
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pn·~·n rJ. T"l1<· J,-, j,·,· n~.l' r...· ,lp<:r;~lt'd ~1\h,·r hy must n111 dilkr from tlh'~· ,,ht;lillt'd U\lr.~ ' 

a hand rran~ llf hy an t'lt'<lrir mulllr. manually nr-.:ratt·J Jn i,·~-
fl."l.l flt111'- Tht' lxl~: shall be hard rubber 6.2 Uartirom·ing l"11oi-A grooving tool ha1-

______ ha~ing_a_D_Durom~t~r-hardnc!>S oL80.to.90.-and-ing-dimen,;ion!>-shown- in-Fig.:-~:-Thc:-tool-shall-

a rc:siliL'nn· surh that an R-mm (Yo.-in.) diameter 
polish<·d st<·el hall. whc:n droprx·d from a height 
of 25 em (9.H-l in.) will ha\"e an average rebound 
of at least 80 ~hut no m0rc: than 90 %. The tests 
shall he conducted on the finished base with feet 
auachcd. 

6.1.~ Fccr-The hasc shall be supponcd by 
rubber feet designed to provide isolation of the 
base from the work surface and having an A 
Durometer hardness no greater than 60 as mea
sured on the finished feet allached to the base. 

6.1.3 Cup-The cup shall be brass and have a 
weight, including cup hanger. of 185 to 215 g. 

6.1.4 Cam-The cam shall raise the cup 
smoothly and continuously to its maximum 
height, over a distance of at least 180" of cam 
rotation. The preferred cam motion is a uni
formly accelerated lift curve. The design of the 
cam and follower combination shall be such that 
there is no upward or downward velocity of the 
cup when the cam follower leaves the cam. 

Non 3-The cam and follower design in Fig. I is 
for uniformly accclc:ratcd (parabolic) motion after con
tact and assures that the cup has no velocity at drop 
otT. Other cam designs also provide this feature and 
may be: used. Howe1er. if the cam-follower lift patlem 
is not known. zero •·elocity at drop otT can llc assured 
by carefully tiling or machinin~ the cam and follower 
so that the cup height remains constant over the last 20 
to 45" of cam rotation. 

6.1.5 Carriage-The: cup carriage shall be 
constructed in a way that allows convenient hut 
St'cure adjustment of the height of drop of the 
cup to 10 mm (0.394 in.). The cup hanger shall 
he attached to the carriage by means of a pin 
which allows removal of the cup and cup hanger 
for cleaning and inspection. 

6.1.6 Oprional .llotor Dril·c-As an alterna
tive to the hand crank shown in Fig. I, the device 
may be equipped with a motor to turn the cam. 
Such a. motor must turn the cam at 2 ±0.1 
revolutions per second, and must be isolated 
from the rest of the device hy rubber mounts or 
in some other way that prevents vibration from 
the motor being transmitted to the rest of the 
apparatus. It must be equipped with an ON-OFF 
switch and a means of conveniently positioning 
the cam for height of drop adjustments. The 
results obtained using a motor-driven device 
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he made of plastic or noncormding m<·tal. Thr 
design of thl' tool may "ary as long as the: <'SscntiJI 
dimensions arl' m:~intaint•d. The tool may. ~ut 

n<·ed not. incorporate the gage fM adjusting the 
height of drop of the liquid limit device. 

6.3 (iug•·-A metal gage hlod for adjustin1 
the hei~ht of drop of the cup. having the dimen
sions shown in Fig .. t The design of the tool rna) 
vary providl·d the gage will rest securely on the 
hasc without being susceptible to rocking. and 
the edge which contacts the cup during adjust
ment is straight, at least 10 mm ( •;, in.) wide. and 
without Oc\'cl or r:~dius. 

6.4 ContainC'rs-Small corrosion-resistant 
containers with snug-fitting lids for water content 
specimens. Aluminum or stainless steel cans 2.5 
em (I in.) high by 5 em (2 in.) in diameter art 
appropriate. 

h.S JJalancc-A b;:alance read;:,hk to a\ \eaY 
0.0 I g and having an accuracy of O.OJ g within 
three standard dt•viations within the range of usc. 
Within any IS-grange. a ditrcr..:nre hl·tw<'en read
ings shall he accurate within 0.0 I g (Notes 4 and 
5). 

Non 4-St-c Methods E RQR and E ] 19 for ann· 
planation of terms relating to balanl'c pcrformanct. 

Non 5-1-'"or frequent usc. a top-loading type NJ. 
a nee with automatic load indi,·ation. readahlc to 0.01 
g. and ha1·ing an inde~ ofpr<-cisinn (standard dc,·iatil"' 
of 0.003 ur hl·ucr is most suotahk for this meth.:.; 
Howei'Cr. nonautomatic indicating equal-arm anal)ti
cal halan•·<--s and some smalll"qualarm top pan balanm 
hal'ing r<·adahiliti,-s and s..·nsitil'ili,-s ofO.OO~ g or ~Her 
provid~ the rc-quirl-d act·uracy wh,·n used with a weight 
s..·t of ASTM Class ~ (National Bureau of Standard! 
Class P) or bcuer. Ordinarv commercial and classroom 
type halanccs such as bea·m balanet-s arc not suit.1bk 
for this method. 

6.6 SroragC' Conwin!'r-A container in which 
to store the prepared soil specimen that will n01 
contaminate the specimen in any way, and which 
prevents moisture loss. A porcelain. glass. or 
plastic dish ahout 11.4 em (4'h in.) in diamelct 
and a plastic hag large enough to enclose the dilh 
and be folded over is adequate. 

6. 7 Ground Glass Plat!'-A ground glass plate 
at least 30 em (12 in.) square hy I em (lfa in) 
thick for mix.ing soil and rolling p!Jstic limit 
threads. 

6.8 Spatula-A spatul;:a or pill knife having a 

hlad<' ah.•ut ~ ,·m ( \, i ;; . "odt· t" ;~b. 
(4 in.) long. In aJJition. a 'PatuiJ.ha', 
aoout~.5l'm(l in.)"iJ,·anJ l~t'IO(I 
as-hee n-fou nd -us<: full<lrini!i:it~ 

pies. 
6.9 .\'ic'I'I'-A ~0.3 em (X in.) Joam 

11m (No. 40) sievt: conf,,rmin!! hl th• 
ments of Specification E II and havino 
least 5 em (2 in.) :~bo'·'-' thL' mL-sh. A 2: 
10) sie\·e meeting the s.ame rL'ljuir<·m 
also be needed. 

6.10 ll'aJ/r Boll/c. or similar l'<lnt 

adding controlled amounts of water Ill 
washing fines from coarse particles. 

6.11 Dr_rinx Oren-A thermostatic. 
trolled ovt:n, preferably of the forced~ 
capable of continuously maintaining a 
ture of 110 ±5"C throughout the: drying, 
The oven shall be equipJX'd with a th.-r: 
of suitable range and accuracy for m, 
oven temperature. 

6.12 ll'aJhin~ Pan-A round. nat-r 
pan at least 7.6 em (3 in.) deep. ~light I~ 
the bottom than a 20.3-cm (!l-in.) diamt' 

6.13 Rod (optionai)-A mc."tal or pi: 
or tube 3.2 mm (1/a in.) in diameter and: 
em (4 in.) long for judging the si1e ofpla~ 
threads. 

7. Materials 

7.1 A supply of distilled or demin.:ral 
ter. 

8. Sampling 

8.1 Samples may be taken from any 
that satisfies testing needs. Howe,·er. I 
C 702, and Practice D 7 5, and Recom 
Practice D 420 should be used as guide: 
lecting and preserving samples from 
types of sampling operations. Samplt:s wt 
be prepared using the wet preparation pre 
10.1, must be kept at their natural water 
prior to preparation. 

8.2 Where sampling Opt>rations ha• 
served the natural stratification of a sam 
various strata must be kept separated at 
performed on the panicular stratum of 
with as little contamination as possibl. 
other strata. Where a mixture of matt'ri 
be used in construction, combine the 
components in such proportions that the 
ant sample represents the acwal constt 
case. 

http://ba.se
file:///xtsm
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J u~ing a t-!Jd~ ahout ~ l'nl ( •t, '" ) w1dt• h~ ahout Ill t":n 11.3 Wh~rc data from this test method arc to 
I I (~in.) long. In addition. a spatula having a hladc he used for rorrel;:llion with nther lahora10ry or 
, ~ t'f:j hav- ahout 2.5 em (I in.) wide and IS rm (6 in.) long field test data. usc the same material as used for 
1-tool·shall- -has-been found-uscful-for-initiaLmixing.oLsam_-_thesc_tests_ .._."'"",.,.-'-'h'-"le"-. --:----,-----,,..--...,...---------~ 
'nl·tal. The pks. 11.4 Obtain a representative ponion from the 
e t'lntial 6.9 Sine-A 20.3 rm (R in.) diameter. ~25- total sample suflicient to provide I SO to 200 g of 
m- . but 11m (No. 40) sieve conforming to the require- material passing the 425-l.lm (No. 40) sieve. Free 

usting the 1 mcnts of Specification E II and having a rim at Oowing samples may be reduced by the methods 
·c. least S em (2 in.) aho'e thr mL-sh. A ~-mm (No of quancring or splitting. Cohesive samples shall 
atting 10) sieve meeting the same requirements may he mixed thoroughly in a pan with a spatula, or 

he ... en- also be needed. scoop and a representative ponion scooped from 
:tool may 6.10 Wash Boule. or similar container for the total mass by making one or more sweeps elvl the adding conrrol!ed amounts of wat<:r 10 soil and with a scoop through !he miud mass. 
:kt . _and washing fines from coarse panicles. 
ng JUSt· 6.11 Drring 01'£'n-A thermostatically con-
wide. and trolled oven. preferably of the forced-draft type, 9. Calibration of Apparatus 

I 
capable of continuously maintaining a tempera-

H . stant ture of 110 ±S'C throughout the drying chamber. 
:er ntent The oven shall be equipped with a thermometer 

, d cans 2.5 of suitable range and accuracy for monitoring 
' 1m'r are o,·en temperature. 

6.12 Washing Pan-A round. Oat-bottomed 
to least pan at least 7.6 em (3 in.) deep. slightly larger at 
J g within ·the bottom than a 20.3<m (8-in.) diameter sieve. 
ngl. f usc. 6.13 Rod (optionai)-A metal or plastic rod 
~-l· read- ortube 3.2 mm (1/a in.) in diameter and about 10 
otcs ~ and em (4 in.) long for judging the size of plastic limit 

, I fiin CX· 

.•r~cc. 
1 1g type bal· 
Jl'tlc to 0.01 
d~· ·ation) 
1is thod. 
1r alyti· 
>an balances 
:! g or bcncr 
·it Ieight 
.f dards 
d C·' room 
not suitable 

:riLhich 
at ll'tl not 
and which 

-~·or 
n meter 
~- e dish 

!~plate 
c . Va in.) 
las limit 

threads. 

7. Materials 

7.1 A supply of distilled or demineralized wa
ter. 

8. Sampling 

8.1 Samples may be taken from any location 
that satisfies testing needs. However, Methods 
C702, and Practice D 75, and Recommended 
Practice D 420 should be used as guides for se
lecting and preserving samples from various 
types of sampling operations. Samples which will 
be prepared using the wet preparation procedure, 
10.1, must be kept at their natural water content 
prior to preparation. 

8.2 Where sampling operations have pre
served the natural stratification of a sample, the 
\-arious strata must be kept separated and tests 
performed on the panicular stratum of interest 
,.ith as little contamination as possible from 
other strata. Where a mixture of materials will 
be used in construction, combine the various 
components in such proponions that the result
ant sample represents the actual construction 
case. 

767 

9.1 {ll.l'f'C'Ction r!f II 'ear: 
9.1.1 l.iquid Limit Dt'l'in•-Determine that 

the liquid limit device is clean and in good work
ing order. The following specific points should 
be checked: 

9.1.1.1 Wear of Base-The spot on the base 
where the cup makes contact should be worn no 
greater than 10 mm (1/a in.) in diameter. If the 
wear spot is greater than this. the base can be 
machined to remove the worn spot provided the 
resurfacing does not make the base thinner than 
specified in 6.1 and the other dimensional rela
tionships are maintained. 

9.1.1.2 W£•ar rif Cup-The cup must be re
placed when the grooving tool has worn a de· 
pression in the cup 0.1 mm (0.004 in.) deep or 
when the edge of the cup has been reduced to 
half irs original thickness. Verify that the cup is 
firmly attached to the cup hanger. 

9.1.1.3 Wear of Cup Jlanger-Verify that the 
cup hanger pivot does not bind and is not worn 
to an extent that allows more than 3-mm ('la-in.) 
side-to-side movement of the lowest point on the 
rim. 

9.1.1.4 Wear of Cam-The cam shall not be 
worn to an extent that the cup drops before the 
cup hanger (cam follower) loses contact with the 
cam. 

9.1.2 Grooving Tools-Inspect grooving tools 
for wear on a frequent and regular basis. The 
rapidity of wear depends on the material from 
which the tool is made and the types of soils 
being tested. Sandy soils cause rapid wear of 
grooving tools; therefore, when testing these ma
terials, tools should be inspected more frequently 
than for other soils. Any tool with a tip width 
greater than 2.1 mm must not be used. The depth 
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of the tip of the grooving tovl must he 7.9 to 8.1 Adjust thl' water rontl·nt of the soil to bring it to (No. 40) si~w. paform th,· 1\•llo" 1n..: 

mm. a consistency that would require 2.5 to 3.5 blo~1 operation in increments. wa~hing n,1 ;;,, 

· Ntm 6-The width of the tip of grooving tools is of the liquid limit device to close the gro<M 0 . .5 kg (I lb) of material at on~ tim,· I' 
-nJn•Tiiicntly chC<"kcd usm'g' a pocket·siic:<J measuri~(Notc!!).-ICduring mixing. a smallpe-rci=ntageof- -42~·(.lm·(·No:-40)·sieve·in-thc-h0ttom 01'1 
magnilier equipped "'·ith a millimetre scale. Magnifier-. material is encountered that would be n:taincd pan. Pour the soil water mi\tun: 001 ., tl 
of this type are a•ailablc from most laboratory supply on a 42.5-(.lm (No. 40) sieve. remove these pani- If gravel or coarse sand panil·les an: prl"'<' 
com pam~. The depth of the: 11p of groo•·1ng tools can . . . . . . as manv of th . · -
b.: ch<'Ckc:d using the depth measuring feature of vernier cles by hand. tf posstble. If tt IS tmpracllcalto · ese as possthle wtth small '-l' 
caliper-.. remove the coarser material by hand. remO\'C: of ~ater from a wash honk. and d•x·ar, 

small pcrn:ntages (less than about 15 %) of nattvl'ly. pour the soil water mL\turl· 0 , 
IJ.2 Adpwmcnt 11f 1/l'i;:llltl( Drop-Adjust the 

height of drop of the cup so that the point on the 
cup that comes in contact with the base rises to 
a height of 10 ±0.2 mm. See Fig. 4 for proper 
location of the gage relative to the cup during_ 
adjustment. 

Non 7-A convenient procedure for adjusting lhc: 
height of drop is as follows: place a piece of masking 
rape across the outside bottom of the cup para lid wirh 
rhe axis of rhe cup hanger pivot. The edge of the tape 
away from the cup hanger should bisect the spot on the 
cup that contacts the base:. For new cups. placing a 
piC<"e of carbon paper o·n the: base: and allowing the cup 
to drop sc:vc:raltimes will mark the: contact spot. Attach 
the cup to the device and turn the crank until the cup 
is raised to its maximum height. Slide the height g;~ge 
under the cup from the front, and observe whether the 
g;~ge contacts the cup or the tape. Sec Fig. 4. If the tape 
and cup are both contacted. the height of drop is 
approximately corrC<"t. If not. adjust the cup until si
multaneous contact is made. C'hc:ck adjustment by 
turning the crank at 2 revolutions per second while 
holding the g;Jge in position ag;~inst the tape and cup. 
If a ringing or clicking sound is heard without the cup 
rising from the gage. the: adjustment is corrC<"I. If no 
ringing is heard or if the: cup ri= from the g;~ge. readjust 
the height of drop. If the cup rocks on the: g;~gc during 
this checking operation. the cam follower pivot is ex
cessively worn and the worn parts should tx: replaced. 
Always remove tape after compktion of adjustment 
operation. 

:\IULTIPOINT LIQUID LIMIT-PROCEDURf.S 
A AND 8 

10. Preparation of Test Specimens 

10.1 W£•t Preparation-E~cepl where the dry 
method of specimen preparation is specified 
( 10.2). prepare specimens for test as described in 
the following sections. 

10.1 ~I Samples PaJsing tire 425-J.lm (No. 40) 
SiC'\'£'- When by visual and manual procedures 
it is determined that the sample has little or no 
material retained on a 425-J.Im (No. 40) sieve, 
prepare a specimen of 150 to 200 g by mixing 
thoroughly with distilled or demineralized water 
on the glass plate using the spatula. If desired, 
soak soil in a storage dish with small amount of 
water to soften the soil before the stan of mixing. 

coarser material by working the specimen mm <_No. 10) sieve nested atop th~ ~>-f.i 
through a 42.5-(.lm (No. 40) sieve using a piece of 40) steve. rinse the fine matcrial thrllu 
rubber sheeting. rubber stopper, or other conven· remove the 2-mm (No. I 0) sic'~- .-\fta , 
ient device provided the operation does not di~ and ~emoving as much of thc roai'Sl'r mat 
tort the sieve or degrade material that would br posstble. add sunicient water to thc pan t 
retained if the washing method described in the level to about 13 mm ('h in.) abo' t" th,· 
10.1.2 were used. If larger percentages of coalY of the 42.5-J.Im (No. 40) sieve. :\gttat<· th< 
material arc encountered during mi~ing. or it is by st~rring with the fingcrs whilc r;.&l~l: 
considered impractical to remove the coa11er lowenng the sieve in the pan and S'-' .rl 
material by the methods just described. wash the suspension so that finl' material is "a~h,· 
sample as described in 10.1.2. When the coary the coarser panicles. Disaggregatl' lin~ ~.111 
particles found during mixing are concretions. that have not slaked by gently rul:lhtng thl· 
shells. or other fragile particles. do not crush these: ~he sieve ~ith the fingertips. Compkte th, 
particles to make them pass a 42.5-J.Im (No. 40) mg operallon by raising the sie' e alxl\,. th• 
sieve. but remove by hand or by washing. Place surface and rinsing the material retain,·J 
the mi~ed soil in the storage dish. cover to pre- small amount of clean water. Disrard n· 

vent loss of moisture. and allow to stand for at retained on the 425-J.Im (No. 40) sil'\l'. 
least 16 h (overnight). After the standing period 10.1.2.3 Reduce the water content of tl 
and immediately before starting the test, thor- terial passing the 425-J.Im (No. 40) sit"' t" , 
oughly remix the soil. approaches the liquid limit. Rcducti<Jn ,1t 

Non 8-The time taken to adequately mix a soil 
will vary greatly. depending on the: plasticity and initioll 
water content. Initial mixing tim~ of more than 30-
in may be needed for stiff. fat clays. 

10.1.2 Samples Containing Material Retained 
on a 425·J.llll (No. 40) Sieve: 

10.1.2.1 Select a sufficient quantity of soil Jt 
natural water content to provide 150 to 200 g of 
material passing the 425-J.Im (No. 40) sieve. Place 
in a pan or dish and add sufficient water to cover 
the soil. Allow to soak until all lumps have 
softened and the fines no longer adhere to the 
surfaces of the co rase particles (Note 9). 

NOTE 9-ln some cases. the: cations of salts presc:nt 
in tap water will exchange with the natural cations in 
the soil and significantly alter the t~t ~ults should Lap 
water tx: usc:d in the soaking and washing operation1 
Unless it is known that such cations are not present in 
the tap water. distilled or demineralized water should 
tx: used. As a general rule. water containing more t~D 
100 mg/L of dissolved solids should not tx: used fat 
washing operations. 

I 0.1.2.2 When the sample contains a large 
percentage of material retained on the 425-Jlm 

content may be accomplished ov ont" ,lf ~ 

bination of the following methods: (,II n. 
the air currents at ordinary rovm t<'m!X'! 
(h) exposing to warm air curr<"nts from J : 

such as an electric hair drwr. (<') liltcrin · 
Buckner funnel or using riltt"r l'andb. 1, 

canting clear water from surface of su~rx· 
or(£') draining in a colander or plasta ,11 
dish lined with high retentivity, high '-'<"Hti 
filter paper.' If a plaster of paris dish is ux·.
care that the dish never becomes surli.
saturated that it fails to activelv absorb '-'Jtt" 
its surface. Thoroughly dry di.shes bct'-'t"<'n 
During evaporation and cooling. stir tht" s;. 

often enough to prevent O\'erdr,- ing nf tht" t'1 
and soil pinnacles on the surt'al'<" of tht" m1· 
For soil samples containing soluolc salts. 
method of water redul'tion such as a •ll : 

will not eliminate the soluok salts from th 
specimen. 

10.1.2.4 Thoroughly mix the matcriJI ra 
the 425-J.tm (No. 40) sie\'e on the glass plat,· , 
the spatula. Adjust the water content of the 
ture. if necessary. by adding small incrl'ma 
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ing it to ''''· -W) \i;_·,c. f'<:rfnrm thl' t(,JI,ming wa~hing distilh:d or dcmincralill'd wata or by allnwing 

ve 0.5 kg I I lh) of material at one time. Place the mi)(ing on the glass platc. Thc soil should he at a 
)~ws . op..·rat1on in in.-r,·mcnts. washing no morc than the mixture- to dry Jt room h:mrx·raturc while 

_n e.of__ 4~5-~_!!!_(_t-l_g~Ql_1irve in the_bollom_ofthe cll'an_~atcr_contrnt_thaL"Cill_r,·sult_ln __ closurc_oLt ·~--------llf· 
rctaincd pan. Pour the soil wata mixturc onto the sieve. groove in 25 to _15 blows. Re-turn the mixed soil 
.-.clni- lfgravl'l or coarse sand panicles arc present. rinse to the mixing dish. cover to prewntloss of mois-
:ti 1 to as many of these as possible with small quantities tun:. and allow to stand for at !cast 16 h. After 
r ove 0f ~·atcr from a wash boule:. and discard. Alter- the standing pcrioJ. and immediately before 

5 %) of natiH·Iy. pour the soil water mixture over a 2- starting the test. r,·mix the soil thoroughly. 
~ mm (:"Jo. 10) sie-ve nested atop the 425-l.lm (No. 10.2 Orr l'ri'Jiaratinll. 
filii=:~ 40) ~ieve. rinse the fine material through and 10.2.1 Sekct sullicicnt soil to provide 150 to 
conven- remo,·c the 2-mm (No. 10) sieve. After washing 200 g of material passing the 425-l.lm (No. 40) 
not dis- and removing as much of the coarser material as sieve after processing. Dry the sample at room 
·mil ~ possitlle. add sullicient water to the pan to bring temperature or in an oven at a temperature not 

1bli 10 the level to about 13 mm ( 1h in.) above the surface exceeding 60'C until the soil clods will pulverize 
f coarse of the ~~:'i-1.1m (No. 40) sieve. Agitate the slurry readily. Disaggregation is expedited if the sample 
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by stirring with the fingers while raising and is not allowed to complrtely dry. However. the 
lo~ering the sie,·e in the pan and swirling the soil should have a dry appearance when pulver-
suspension so that line material is washed from ized. Pulverize the sample- in a mortar with a 
the coarser panil'les. Dis-aggregate tine soil lumps rubber tipped pcstal or in some other way th<~t 

that have not slaked by gently rubbing them over does not cause breakdown of individual grains. 
the si.:ve with the fingertips. Complete the wash- When the coarse panicles found during pulveri-
ing operation by raising the sieve above the water zation are concretions. shells. or other fragile 
surface and rinsing the material retained with a particles. do not crush these panicles to make 
small amount of clean water. Discard material them pass a 425-l.lm (No. 40) sieve, but remove 
retained on the 425-l.lm (No. 40) sieve. by hand or other suitable means. such as washing. 

10. 1.2.3 Reduce the water content of the rna- 10.2.2 Separate the sample on a 425-l.lm (No. 
terial passing the 425-l.lm (No. 40) sieve until it 40) sieve, shaking the sieve by hand to assure 
approaches the liquid limit. Reduction of water thorough separation of the fi ncr fraction. Return 
content may be accomplished by one or a com- the material retained on the 425-l.lm (No. 40) 
bination of the following methods: (a) e.,posing sieve to the pulverizing apparatus and repeat the 
the air currents at ordinary room temperature. pulverizing and sieving operations as many times 
·.~1 exposing to warm air currents from a source as necessary to assure that all finer material has 
such as an electric hair dryer. (c) filtering in a been dis-aggregated and material retained on the 
Buckner funnel or using filter candles. (t.!) de- 4:!5-j.lm (No. 40) sieve consists only of individual 
canting clear water from surface of suspension. sand or gravel grains. 
or(!') draining in a colander or plaster of paris 10.2.3 Place material remaining on the 425-
dish lined with high retentivity, high wet-strength 1.1m (No. 40) sieve after the final pulverizing 
filter paper.' If a plaster of paris dish is used. take operations in a dish and soak in a small amount 
care that the dish never becomes sufficiently of water. Stir the soil water mixture and pour 
SJturated that it fails to actively absorb water into 0\·er the 425-l.lm (No. 40) sieve. catching the 
its surface. Thoroughly dry dishes. between uses. water and any suspended fines in the washing 
During evaporation and cooling. stir the sample pan. Pour this suspension into a dish containing 
often enough to prevent O\erdrying of the fringes the dry soil previously sieved through the 425-
Jnd soil pinnacles on the surface of the mixture. 11m (No. 40) sieve. Discard material retained on 
For soil samples containing soluble salts. use a the 425-l.lm (No. 40) sieve. 
method of water reduction such as a or h that I 0.2.4 Adjust the water content as necessary 
will not eliminate the soluble salts from the test by drying as describ.:J in 10.1.2.3 or by mixing 
specimen. on the glass plate. using the spatula while adding 

10.1.:!.4 Thoroughly mix the material passing increments of distilled or demineralized water. 

11 large 
the 4~5-1-!m (No. 40) sieve on the glass plate using 
the spatula. Adjust the water content of the mix
ture. if necessary. by adding small increments of 

1 S and S 5~5 lih,•r 1"11"''· availa~lt in J~-cm rird<'S. has 
pro\·C'n \.lti~lactory. ~.~s, 

I• 

I 
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until the soil is at a water wntent that will result 
in closure of the: groo"e in ~5 to .15 blows. 

10.1.5 Put soil in the storage dish. cover to 
prevent loss of moisture and allow to stand for 

-----=-at;-least f6-h./\fter the Standing period, and 
immediately before starting the test. thoroughly 
remix the soil (Note 8). 

II. Procl."dure 

11.1 Place a portion of the prepared soil in 
the cup of the liquid limit device at the point 
where the cup rests on the base. squeeze it down, 
and spread it into the cup to a depth of about 10 
mm at its deepest point, t.apering to form an 
approximately horizontal surface. Take care to 
eliminate air bubbles from the soil pal but form 
the pat with as few strokes as possible. Heap the 
unused soil on the glass plate and cover with the 
inverted storage dish or a wet towel. 

11.2 Fonn a groove in the soil pat by drawing 
the tool, beveled edge forward, through the soil 
on a line joining the highest point to the lowest 
point on the rim of the cup. When cutting the 
groove, hold the grooving tool against the surface 
of the cup and draw in an arc. maintaining the 
tool perpendicular to the surface of the cup 
throughout its movement. See Fig. 5. In soils 
where a groove cannot be made in one stroke 
without tearing the soil, cut the groove with 
several strokes of the grooving tool. Alternatively, 
cut the groove to slightly less than required di
mensions with a spatula and use the grooving 
tool to bring the groove to final dimensions. 
Exercise extreme care to prevent sliding the soil 
pat relative to the surface of the cup. 

11.3 Verify that no crumbs of soil are present 
on the base or the underside of the cup. Lift and 
drop the cup by turning the crank at a rate of 1.9 
to 2.1 drops per second until the two halves of 
the soil pat come in contact at the bottom of the 
groove along a distance of 13 mm (1h in.). See 
Fig. 6. 

I 
NOTE 10-Usc the end of the grooving tool, Fig. 2, 

or a scale to verify that the groove has closed 13 mm 
('h in.). 

11.4 Verify that an air bubble has not caused 
premature closing of the groove by observing that 
both sides of the groove have nowed together 
with approximately the same shape. If a bubble 
has caused premature closing of the groove, re
form the soil in the cup, adding a small amount 
of soil to make up for that lost in the grooving 

I 
I 
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opo.:ratHln and rc:rcat II. i to ll .. l. If the: soi! 
slides on the st:rfacc of the cup. rl·po.:at 11.1 
through ll .. l at a higher watcr contcnt. If. after 
several trials at sucfn.si"cly_ bigb.cr_ \Vatcr_con..__ 
tents. the soil p:~t continues to slide in the cup or 
if the numhcr of hlows required to close the 
groovc is alw:~ys less than 15. rl'Cord that the 
liquid limit could not be determined, and repon 
the soil as nonplastic without performing the 
pl:~stic limit test. 

11.5 Record the numhcr of drops,/\', requim:! 
to close the groove. Remove a slice of soil ap
proximately the width of the spatula. extending 
from edge to edge of the soil cake at right angles 
to the groove and including that portion of the 
groove in which the soil nowed together. placr in 
a weighed container, and cover. 

11.6 Return the soil remaining in the cup to 
the glass plate. Wash and dry thc cup and groo\·· 
ing tool and reattach thc cup to the carriage in 
preparation for the next trial. 

II. 7 Remix the entirc soil specimen on the 
glass plate adding distilled water to increase the 
water content of the soil and decrease the number 
of blows required to close the groove. Repeat 
I 1.1 through 11.6 for at least two additional trials 
producing successively lower numbers of blows 
to close the groove. One of the trials shall be for 
a closure requiring 25to 35 blows, one forclosurt 
between 20 and 30 blows. and one trial for a 
closure requiring 15 to 25 blows. 

11.8 Determine the water content. W,..., of the 
soil specimen from each trial in accordance with 
Method D 2216. Make all weighi ngs on the same 
balance. Initial weighings should be performed 
immediately after completion of the test. If the 
test is to be interrupted for more than about 15 
min, the specimens already obtained should be 
weighed at the time of the interruption. 

12. Calculations 

12.1 Plot the relationship between the water 
content, w .... and the corresponding number of 
drops, N, ofthe cup on a semilogarithmic graph 
with the water content as ordinates on the arith
metical scale, and the number of drops as abscis
sas on the logarithmic scale. Draw the best 
straight line through the three or more plotted 
points. 

12.2 Take the water content corresponding to 
the intersection of the line with thc 25-drop 
abscissa as the liquid limit of the soil. Compuu-
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tional nll·th•xh may ho: \Uh,tllulnJ 1~11 lh 
ical nll'thod for fitting:~ straight lin,· ,, , 
and dell·rmining th~ lii.juiJJim 1 t.~. __ _ 

ONE-I'<li~T I.IQ!'II) 1.1\IIT-I•I!t)(TJ 
(" ..\~J) J) 

13. !'reparation of Tl·st Spl'l'im•·n, 

l.l.l Pr~par~ th~ SJX'cinwn in th,· 'klm 

ner as dl'Sl:rit~:d in S!.·rti<IO 10. n 1·crt 
mixing. adjustthl' wah·r ronll•nt to J 1·pn· 

requiring .:!0 to .lO drops of thl' liquid I If 
to close the groove. 

14. Procedure 

14.1 Pnx:c:~d as dcscrilll:d in II 1 tl 
11.5 exl·eptthatth~ numl~:r ofhlu"~ r•·4u 
dose the groon· sh:~ll h..· .:?Oto 30. lfJc,, tl 
or more than .lO hlows ar~ r~4uirl.'d. aJJ• 
water content of the soil and ri.'JX'al th,· 
dure. 

14.2 Immediately after rl.'mLl\ln)! J 

content spo.:ciml.'n as d~scrih.:d in II '· r 
the soil in th~ cup. adding a sm:~ll am''' 
soil to make up for that lost in the gr.><" in 
'>l.ater content sampling operations. Rl'J'll':~· 

through 11.5. and. if the sel·ond rinsing , 
groove requires the same numhcr of drops 
more than two drops dilTcrence. SL:cur1• ;~n 
water content spel·imen. Othen.-·i~. r1·m1 
entire specimen and repeat. 

Non 11-E~r.-ssi"<' drying or inad,·lluall' n 
will cause th~ numb.:r of hlows to , Jf'1. 

14.3 Determine water contcnts nf ,rx·,·it 
as descrihcd in 11.8. 

IS. Calculations 

15.1 Determine the liquid limit for l'a,·h" 

content spcciml·n using onl' of th,· '''"''' 
equations: 

( \')o o:o 
l.l."' If'., 't or 

LL"' J...'(ll'.d 

where: 
N = tho: numh.:r of blows cau~ing dn,un· ,,f 

groo1·e at water ront,·nt. 
ll'h = water content. and 
K =a factor giiL'n in T:~hk I. 

Tho: liquid limit is the a1cragc of th,· '"'' 1 

liquid limit 1alul'S. 
15 . .:! If the difTerl·nce hctwel•n th..- t"o 11 
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liquid limit valut·s is grt·att•r than one percentage 
point. rcrt·at the test. 

tiona! methods m:l\. tx· suhslitutt'd for tht' graph
:pc:~- 11.1 

the r limit. -~·ate -con---1-"=c=..:.=..:.:.:..:.:.:.=:o..::=....:.:.:t::..:.::__::=.:..:_------------ ___ m-ASTIC l.ll\11'1,_· __ _ 
the cup or ONE-I'Oif'I;T I.IQliJI) 1.1:\IIT-I'ROCf:Dl'RES 
c'e the c Al'\n n 

d 1 the 
an report 13. Preparation of Tl.'st Specimt•ns 
•rming the 13.1 Prepan: the spc:cimt·n in the same man-

1 ncr as descrihed in Section I 0. r:I.Cl'Pt that at 
\', uirc:d mixing. adjust the: water content to a consistency 
of soil ap- rtquiring 20 to 30 drops of the liquid limit cup 
. ell tending to close the groo\·e. 
i~ngles 
ti-oflor the 
er. place in 

thflup to 
an~oov
caniage in 
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1-C. Procedure 

14.1 Proceed as dl·scribed in 11.1 through 
11.5 e1lcept that the number of blows required to 
close the groove shall be .:?0 10 30. If less than 20 
or more than 30 blows arc required. adjust the 
water content of the soil and repeat the proce
dure. 

14.2 lmmediatelv after removing a water 
content specimen ~s dl'SCrihed in 11.5. reform 
the: soil in the cup. adding a small amount of 
soil to make up for that lost in the grooving and 
v.ater content sampling operations. Repeat 11.2 
through 11.5. and. if the second closing of the 
groove requires the same numher of drops or no 
more than two drops difTerence. secure another 
water content specimen. Otherwise. remix the 
entire specimen and repeat. 

NoTE 11-Exces.sivc: drying or inad<.'Qualc mixing 
will cau!o(: the: number of blov.-s to vary. 

14.3 Determine water contents of specimens 
as described in 11.8. 

IS. Calculations 
15.1 Determine the liquid limit for rach water 

content specimen using one of the following 
equations: 

(
-")oo:o 

L/. = u·_, 3 or 

LL = A'( II', l 

-..·herr: 
,\' =the number of hlows causing closure of the 

groove: at watn content. 
n:, =water content. and 
A' =a factor given in Table I. 

The liquid limit is the average of tht' two trial 
liquid limit values. 

15.2 If the difTcrcncc hetwcen the two trial 

16. Prl.'paratiun of Tl'sl SjK'('iml.'n 
16.1 Sl.'lect a .:?0-g pon ion of soil from the 

material prcpart•d for the liquid limit test. either 
after the second mixing bl.'fore the test. or from 
the soil rem:~ining after completion of thl' test. 
Reduce the water content of the soil to a consist
ency at which it can he rolled without sticking to 
the hands by spreading and mixing continuously 
on the glass plate. The drying process may he 
accelerated by exposing the soil to the air current 
from an electric fan. or by blolling with paper 
that does not add any fiher to the soil. such as 
hard surface paper toweling or high wet strength 
Iiiier paper. 

17. Procedure 

17.1 From the 20-g mass. select a portion of 
1.5 to 2.0 g. Form the test specimen into an 
ellipsoidal mass. Roll this mass between the palm 
or fingers and the ground-glass plate with just 
suflicicnt pressure to roll the mass into a thread 
of uniform diameter throughout its length (Note 
12). The thread shall be further deformed on 
each stroke so that its diameter is continuously 
reduced and its length extended until the diam
eter reaches 3.2 ±0.5 mm (0.125 ±.020 in.), 
taking no more than 2 min (Note 13). The 
amount of hand or linger pressure required will 
vary greatly. according 10 the soil. Fragile soils of 
low plasticity arc best rolled under the outer edge 
of the palm or at the base of the thumb. 

Non 12-A normal rate of rolling for most soils 
should be 80 to 90 stroke-s per minute:. counting a 
stroke as one complete: motion of the hand forward and 
back to the staning position. This rate: of rolling may 
have: to he dt-creascd for vel') fragile soils. 

Non IJ-A 3.2-mm ('la-in.) diameter rod or tube 
is useful for frequent comparison with the soil thread 
to asccnain when the thread has reached the proper 
diameter. c:-spc"Cially for ine~perienced operator-s. 

17 .1.1 When the diameter of the thread be
comes 3.2 mm, break the thread into several 
pieces. Squeeze the pieces together. knead be
tween the thumb and first finger of each hand, 
reform into an ellipsoidal mass, and reroll. Con
tinue this alternate rolling to a thread 3.2 mm in 
diameter, gathering together, kneading and rc
rolling, until the thread crumbles under the pres-
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balance. 

NOTE 14-1bc intent of performing two plastic 
limit trials is to verify the consistency of the test ~ui'-;S. 
It is acceptable practice to perform only one plastic 
limit trial when the consistency in the test n:sults can 
be confirmed by other means. · 

where: 
1.1. = the liquid limit, 
1'/. = the plastic limit. 

Both /./. and Pl. arc whole numbers. If either 
the liquid limit or plastic limit could not ~ 
determined. or if the plastic limit is equal to or 
greater than the liquid limit. report the soil ill 

nonplastic. NP. 

20.1 Rqx.>rt the following information: 
20.1.1 Sample identifying information, 
20.1.2 Any special specimen selection proct!ol 

used, such as removal of sand lenses from undB
turbcd sample, 

20.1.3 Report sample as airdried if the sample 
was airdricd before or during preparation, 

20.1.4 Liquid limit. plastic limit, and plastic· 
itY index to the nearest whole number and omi: 
ti~g the percent designation. If the liquid limit11 
plastic limit tests could not be performed, or il 
the plastic limit is equal to or greater than the 
liquid limit. report the soil as nonplastic, NP, 

20.1.5 An estimate of the percentage of sam
ple retained on the 425-J..Im (No. 40) sieve, and 

20.1.6 Procedure hy which liquid limit "11 

performed. if it differs from the multipoint 
method . 

21. PrC<"ision and Bias 

21.1 No interlaboratory testing program ~ 
as yet been conducted using this test method to 
determine muhilaboratory precision. 

21.2 The within laboratory precision of the 
rcsuhs of tests performed by different opcralm 
at one laboratol)· on two soils using Proccdun: -~ 
for the liquid limit is shown in Table 2. 
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I lABt.t: 1 hnon lor Obuinina l.iquid Umil lrorn Worn TABU: 2 

l
lg~ the two water Conrmr and Numb<r ol Orops Cau•ina (.lo.ur• ol Groo•• 

>el n the two water ,.. 
lvo percentage po 1\1!~·~-=~~~bc~r~o!,f ~~~'====o\~~~~~~~L~---==~s 
lits the average of 

0.974 Pl. 

INDEX 

jicit-ndex as follows: 

,- PL 

I 
ilol,umbcrs. If either 
lie I it could not be 
'tic 1it is equal to or 
mit. report the soil as 

I 
1in~· formation: 
1in formation. 
:ei selcction process 
sand lenses from undis-

i ~ lricd if t.he sample 
jmn reparatiOn, 
,.Jastic limit. and plastic· 

1ho~umber and omit· 
ion the liquid limit or 
not , performed. or if 
I to or greater than the 

oit~onplastic, NP, 
f th rccntage of sam-
lim l' o. 40) sieve, and 
which liquid limit was 

s r the multipoint 

ory~ting program ~ 
1sing this test method to 
Jry prL-cision. wa. precision of tht 
!:d .different opcraton 
'J soils using Procedure A 

ow~n Table 2. 

0.979 u. 
22 0.985 Sm/8. 

23 0.990 PL 
24 0.995 LL 
25 1000 
26 1.005 
27 1.009 
28 1.014 
29 1.018 
30 1.022 

773 

Wirhin l.abonlor) l'rn:i'ioo for l.iquid l..irnil 

A-vc:r.~~r Value, i. Sundatd 
Deviation, 1 

21.9 107 
27.9 1.07 

20.1 1.21 
32.6 0.98 
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DIMENSIONS 
LETTER A" 8" c A E" F G 

MM 54 2 27 56 32 10 

± 0.5 ± 0.1 ± 0.5 ± 2.0 

LETTER N p R T U" v 
MM 24 28 24 45 47 3.8 

± 1.0 

6 
ESSENTIAL DIMENSIONS 

8 
K • • 
I w ~ z SPHERICAL : : 

l --~~::;
1

:~:E~ ~S~~NFORMING 
TO SPECIFICATION IN 6.1.1 

H J" K" L" M" 
16 60 50 150 125 

± 1.0 ± z.o ± 2.0 ± 
w z 

13 6.5 

V DIAMETER 
CRS OR BR.t.SS PIN 

T 

SOFT RUBBER CONFORMING TO 

SPECIFICATION IN 6.1.2 

z.o 

- __ j_ __ 
CAM \ CAM 

ANGLE 
DEGREES RADIUS 

0 p.742 R 

I 

60 9.764 R 

90 9.113 R 

120 p.784 R 
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DIMENSIONS 

6 
ESSENTIAL DIMENSIONS 

0
BACK AT L[.A$T 15 lrllwl FROIA TIP 

NOT£: DIM[N$/ON A SHOULD B£ /.9-2.0 AND 01M£NSION 0 

SHOULD B£ 8.0-8.1 WHEN N£W TO ALLOW FOR 

A[)[QUI. T[ S£RVIC£ L IF[ 

.L._ 

K D-----· ..--
FIG. 2 Groo•iftR Tool (OpliOIUII llti~hr-o(.[)rop Gaxt Arrarh«<) 

DIMENSIONS IN MILL/METRES 
FIG. J lltiKhl of Drop GaR< 
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MASKING TAPt APPLIED AS AID 
lfl AD...IUSTMtNT OPERI.TION 

FIG. 4 Calibnrion ror llriahr or l>rop 

nG. S Groo•r<l Soil Par in l.iquid l.imir lk•i~ 
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FIG. 7 Inn Cbl Soil ollht Pbilk l.imil 

Th,· Amai(un s~-.-;,.,_rji" T,._,tin.~ '"'J .\lut•'rtuf, tuJ..e., "" {'f•Htt•'" ''''f't't"llnK tlu· ,-u/idit_r n/ un_1· fl'Jit'nl nx/u_, cJ,,,.,tC'J in nmtU'\"IWil 

M'lfh tJnr i~t•m mt'nlltH1t'rl in lht.\ .\lunJurJ. l. ·-"''-' ,,(t/n, \lunJurJ tlfc' ,._,prc•_,,/.r uJn,,•J thut detcrmmution oftht• ,·ultdil_r ,,,-,111_1' Jllt"li 

{'IUit'fll ;,xhu. tJnd tht• ri1k of in/rin~t·m,·nt t~(Htc·h fl,l(ht.\. "''' t'llttrd_l' tht'lf """ n ,,._,potuihilil,r. 

ThiJ ttundarJ i.t lUhJt'l.·tto ,,.,.'-'"'''" ut un_r tim,· /'t_,. the ,,._,ptltl.\lhtt·t,'f.·JminJI nmrmillec tJtld mil.'{/ ht.· ''"''it'K·cJ ,.,.,.,_r./i,-, . .r•·urJ unJ 

1{ "''I rc··rj,,·J. c·ith,., '''f.lf'f'''"'''d or Mitlulru"·n. )'our ,·,mmh'W.t ur,· tm·it,·J c·iJitcr _1;, ,,.,.1.\inn o{ thi' .\ltJndcJfd or (or uJJitionul 

.\lt.JnJurd.' und ,·ftou/J "'-• ucldrt•,_wJ '" . I ST.\/ 1/,•udquuTit'f\ >"r•ur ~"~'"'"'''"'-' tn/1 r,·.-.·n·c· ,·urditl .-oruitlcrcJtlcm ut u lllt't'flll,t: ~~ thr 
'''-'f"m.uh/c tcr.·hni.-cJI ,-,,nmlltl't'. "hidr _roll mu_r cJIIt'lld N _nm_ti.·d I hut·"'"'' nmrm,·nu hu,·c• not rn.·c•i•·,-J tJ /ilir lrc•urmJ( _n•u .\hou/J 
nrul..c• _,._,,, ,.,-,.,..,.'" kno"·" 10 th1• .-fST.\1 Commillt't' 011 S/i..mJurd,_ /0/!) /l1.kc' S1. Plui11Jdpluu. Pu. IV/OJ. 
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Standard Test Method t 

DISTRIBUTION RATIC 

METHOD' 

. Th1') ')\andarJ ~~ i~~u,·J untkr th,· f.,,·J Jc-,•t;:nJ.I•o~n I) 
origin:..l JJ,1p1u1n or. m I he: t";..t"-.' 11f rn ,,Hln_ 1hc \( . .r 1 
A ')Ufl\'J•~o~.:np1 t'Jl".t•ltln (r) mdt\':.&1n Jn n.hlnn:..l •. .-h-... n~,· 

As an aqut:ous lluid migrJI<"' 
dqx:mknt upon thl· chrmi~tr. ,. 
of other fluids and !oOiiJ phJ<, 
interactions dt:tt:rminc lht: rt"iJt. 
(such as ions) tra'l'l '>'ith r,·,rx·· 
imponanct: in retarding th,· 11."' 
species at vdocities kss than th,· 
complex formation. precipitati< 
prccipitaling as the sulfalc). 0\1, 

test method applies to situation 
exchange) are operable for tht> ~ 

porous media. 
h is ditliculllo derive gl·n,-r;.h, 

in the geological cnvironml·nt. 11 
(A".~) has been us..·d to qu:Jntll\ 
modl.'ling (usually. rut n<ll S.lkh 
used 10 assess thl' <kg.rl'l' to" h1d 
fluid migrall·s through thl' g,·,•l<~~ 
indiration of how rapidly an ll.Jn , 

under the gcochl.'mi.:al wmlitium 
This lest melhod is for lhc latxl 

may be used by qualilil'd C:\p..·n~ 1 
given underground gl·ochcmi.-JI , 
important site-spcrilic factor.;. It ~~ 

qualilications required. or to Ju~t 
predictive purposes. Rathn. this 
lcchnique for dctamining the J1~ 
and wlid. und~r a ccnain s.:t of Ia 

Justification for th.: distrihutlll 
based on c"pcdicnry in m,xklin~-; 
to partitioning in soils. c4uihrnur 

I This m('lhnd is undt:f lhc.· juri~iltltln of .... s r \t i 

Suhcommittl"t" DIR.I4 on Gt"ol(t.'hnit.~ of \l.";.a!lol( '-bn.J~,· 
Curr<nl <dili,,n appro,cd No,·. ~M. I ~~J. PuNo:JK·J J, 
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(Page 2 of 2} 

- 3. Rinse ele~trode with deionized water between samples. Recheck 
calibration with pH7 buffer solution after every 5 samples. 

4. Immerse ele~trode in solution allowing several minutes for meter 
to stabilize. Make sure the h'hite KCl junction on side of electrode 
is in the solution. The level of electrode solution should be one 
inch above sample to be measured. 

NoL..es: 

l. When calibrating the meter, use pH buffers 7 and 4 for samples Hith 
pH < 8, and buffers 7 and 10 for samples with pH > 8. If meter 
wilT not read pH4 or 10, something may be wrong wTth the electrode. 
Return it to the lab with a note. 

2. pH is a temperature dependent analysis. Therefore, temperatures of 
buffers and samples should be within about 2"C. For refrigerated 
or cool samples, use refrigerated buffers to calibrate meter. 

3 . 1-1 e a k o r g a n i c a n d i no r g a n i c s a 1 t s a n d o i 1 a n d g r e a s e a r e i n te rf e r e n c e s 
in pH measurements. If oil and grease are visible, note on data 
sheet. Clean electrode with soap and water, followed by 10% HCl. 
Then recalibrate meter. 

4. When not in use, the electrode should be stored in pH4 buffer. 

5. Before going into the field: 

a) Check batteries; 
b) Do a quick calibration at pH7 and 4 to check electrode; 
c) Obtain fres·h solutions. 

6. Following field measurements: 

a) Report any problems; 
b) Compare with previous data; 
c) Clean all dir·t off of meter and inside case; 
d) 1·\ake sure electrode is stored in pH4 buffer. 

L 
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llQuro 1 ® 

] 
ORION RESEARCH model 211/digilal pH meier 

(jJ 
TEMP "C 

logond ® 
\ ~\rip chorl rocorder binding nosls 
? . 0/\ T \.OW 
). LC Ol~ploy 
~. •uppor\ roo clip 
b. 1..-np.ra\ure lnolcalor conlrol 

. ( i;·.~~.~~:. 

C/\LIO 

® 

G. AC line ;HI:Jntcr input 
7. h11H:Iron C:Oillrol 
ll. c;llitHalion COiliiOI 
9. elcctrotlc conneclor 

10. slope conlrol 

0 

introduction 
TIHl Moclr.l /.11 I~ il ll.1llr.ry· or linc-opcrOIICd (110//.7.0 v AC ;~d.lplr.r) C1i()il:rl pit 
meier lor field or I<Jboralory usc. The meier is complclc willl slrip cllarlrecort!r:t 
binding posls and is supplied wilh an unbreakable. gel-filled corntJination pi I 
clcc 1 roue, one pa eke 1 of pH 7 bu I I cr powd cr. one boill c 1 or pli 7 llu 11 cr. one IJo Ill•: 
lor c.Jislilled walcr, supporl rod, eleclrode holder. AC JdJ1Jtcr. si~ 1.5 v ballc:"c: .. 
shorling plug, ancl carrying case. 

instrument description 
See figure 1. 

1. slrip charl recorder binding posts: lllack post is low (()fOund) and red Pv>t •s 
higll inpul side olrecor<.Jer. Sec page B. 

2. 0/\ T LOW: an arrow poinling lowJrcJs OAT LOW appe<Jrs on Inc drs pl..·,· 
when llallery requires rep!Jccmenl. 

J. LC display: pH display over ll1e range of 0- 14 willl =: .01 pH unlls JCSOiur,,., 

4. supporl rod clip: holds slccl rod used to moun! clcclrodc noltlcr. 

5. lcmperolurc lndicalor conlrol (TEMP "C): comf)cnsatcs lOt v,111:rtion "' 
clcclroclc slope or temperature changes. Used in twO·Ouller CJirlJr;.rron 

6. 1\C line adaplcr inpul: jack usccl 10 inscrl AC line ,1CL1ptcr 1'/rllr ,\C t11rL' 
adupler operalional, I he inlcrnal ballcry is bypassed 

7, 

8. 

9. 

10. 

funclion conlrol: rocker swilcl1 wilh lhrcc positions- 014_ Oi'F a11i.J (01~) 
Oep1css (ON) for a morncnlary re,1cling T11c SIVitcll will return ro OFr w/1cn 
relca::.r.d. 

calibr~tion conlrol (CALIB): used lo calillratc lllC meier willr lJulfors 01 
known pH. 

otoclrodo conncclor: :rcci:f)t5 ONC conncclor lrom f)H clcclrodc. 

slope control: scrcwcl11ver <Jtlju51mcnl used to sci soconcJ LHrllcr In h,·o
bullcr caliOr<Jtion. 

w 

0 
H1 



.. .. .. .. .... 
instrument set-up 
supporl rod 

1. Insert steel support rod into 111e 1101e in tile surnorl rod clip on siclc ol tile 
meier. 

2. 1-Aounl electrode holder on the rod by pinching to compress tile spring. 
nctcasc to llold in place. 

power source 
Tile 1-Aoclr:l 2tt orcrates on six nonrcchargcatJic 1.5 vall ballcrics or on 1t0 or 
220 ! 20'/, V witll<ln a[)fHOVCdAC acl;l[)lcr (spccity vo11.1gc wl1cn ordering). Low 
t>allcry is inclicatctl by the BAT. LOW indicator on the display. 

t~OTE: 0.111crics arc not rechargeable- use ol line adapter whenever possible 
will prevent tile unit's ba11erics lrom being disc11;:ugcd. II llallery orcration is 
rlcs"r.d. follow installation instructions under b;lltery replacement. 

motor chock-au\ 
t. Install six All. batteries in t11e meier. Orient Ill!'! ( +) ilntl (-) billlery terrni· 

nals to match the orientation siJOwn in il1c IJ<>llcry compartment. 

2 Depress Ot~ button on 111e Iron! rancl. II tile OAT. LOW indicator on 111e 
lront display llohts up, the balleries must be repl<:~ced. 

J If IJ<>IIory mode Is not to be used, clisreg;:ucJ steps 1 ond 2. Insert rin entl ol 
approprlato AC line atlapter into the meter. and t11e other end into t11c <JP· 
rroprlalo oroundcd AC line recepl<>cle. 

~. Allacll ONC shorting plug to ONC input on tile bollom :;iue of IIH! meter. 
Oopro33 ON bullon on the front p;~nel. Turn CALIO knotJ so clisrlay reilcls 
n OIOiH.ly 7.00. II tills c;~nnot \1(~ dorw con::;ull OniON r.:cllnir:al Sc:rvir:c. 

Fl"movo tho ohorllno pluo. Succcsslul completion of steps 1-~ show 111c 
·.:)! \~ roady lor usc . 

... :._!:·:.-. ~~ .. ~ ~ . .:; . 

.. 
connecling electrode 

1. lnserllhe ONC connector into I he electrode jack on \11<.: boll om rancl of 111e 
molcr. Turn connector clockwl~c until il scill5 firmly. 

2. Mount electrode in t11c electrode holder by spreading tile electrode clip 
open and sliding the electrode into the holder so that the clip closes on 
electrode cap. Sec figure 2. 

J. Follow moasuremenl procedures to usc t11c meter 10 measure pH. 

-1. Disconnncct electroue by turning connector counterclockwise until rclcas· 
ed from pin. 

liguro 2 
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neasurement procedures 

cncral measurement technique 
1mper~lurc: All samples and bulfcrs should be at lhc same tcmpcralurc, as 
·nail varia lions in lcmperalurc c<Jn cause errors in mc<~surcmcnl. The slope or 
'c pH clcclrode, I he polenlial or ll1c rercrcnce elcclrodc, <Jnd lllc pH oltllc bul
·r Jrc JcrnpcrJiurc·dcpendenl. 

caning clcclrodos: Elcclrodc sl1ould be rinsed and shaken belwecn mcasurc
enls to rcrnovc drops and to prevent solution carryover. 

irring: Stir measured solutions moderately to oblaln good conlact between 
c glass buill and lhc solution. lnscrl elcclrodc to a dcplh of alloul 3 em. 

i mcasurcmonts 
lglc·bullcr siAndardlzallon 
l•crc maximum precision is nol required) 

.)1E: For maximum accuracy it is recommcndecl 111a1 J lwo·llullcr calibration 
: perlorrnerl once i'llllle beginning or c;•ch tlay (scr. p;1Qc 7). This procecliHC r.n
''e~ IIH: c:orrecl 5etling or lllC slope conlrol. Sul>seqlrCnlrrlei15liiCIIlCnl:; durin<] 
•t: tJay rnay be rnacJe using J sinulc poinl caliiHLJlion. · 

1. Place I he clcclrode in a buller solulion whose r>H is ncar I he cxrecled pH ol 
ll1c sarnrle. lnscfl eleclrodc 10 a dcplh ol aboul J ern <Jnd slir rnoderalcly. 

St:l li1C lcmpcralure lndicalor conlrollo lhc lcmpcralurc ol lllC IJUIIcr. 

S•:l ll1e luncllon conlrollo ON JncJ allow lhc llullcr rc;-,rJinu lo sl;:JlJilizc. 1\cJ-
1":.11111: CI\LIO 50 lhJilhc tlispl;,y indir:;11c:; lilt: pH olliH: llldrc, allllc sol11· 
11 CH 1 1 t: rr' p c rat u r e. S c c Tab I c 1 . 

llt:move ll1c cleclrodc from lhc huller sOI11Iion and rinse l>y slirrin<] 
r,,,,,_.,;,lcly in !li:;1illcrJ walr:r ~h.lkt: oil excr.~:; drop:: ol waler. 

J 1•\c,r:c ele:r..lrodc in tile sample 10 ~ (lcplll o"f l~IJOul J ctn antJ ~lir rnoclcr~·lcly. 
S':l 11H: h1ncllon controllo ON anti allow lllC rc;,(linu 10 slal>ilizc. nccor<illle 
~1catly pi·\ rcatlinu. 

lwo-burtc·r sti'lnd<Hdizi'ltion 
(wllcro maximurn prccl~lon I~ reQuired) 

1. Sclccl lwo bullcrs lo brackcl lhc cxpcclccJ pH ol Jhc sarn(llt:. ,-.-!Ill one'"" 
ler having a pH of 7. 

2. Place lhc electrode in the (lH 7 buller 10 a de(llh or JlJOul 3 ern arHJ ~,,, 
modcralcly. Setlhc tempera lure indicator conlrollo I he temrerJiurc ol ill(: 

buller. Sci lllC lunclion control 10 ON and allow lhe rea<.JinQ 10 SIJDilizc. 
Turn CALIB unlil lhe display indicales I he pH or l11c Duller a1 lilC solulion 
lcmpcralurc. Sec !able 1. 

3. Remove eleclrodc from I he firs I buller and rinse by slirring modcralcly in 
distilled waler. Shake ort excess drops ol waler. 

4. Place lhe elcclrodc in lhc second buller 10 a deplh or aboul J em and slir 
moderalely. Sell he function conlrollo ON and adjuslllle slope control un· 
lillhe pH at lhe solution lemperalure is displayed. See Table 1. 

5. Remove lhe eleclrode and rinse by stirring moderalcly in dislilled waler 
Shake ort excess drops or waler. 

6. Place lhe eleclrode in the s<Jmple lo a deplh or aboul J em and s111 
modcralcly. Sci lhe lunclion conlrol 10 ON and allov' lhc reading ro 
slabilize. Record lhe sleady pH reading. 

TABLE 1 

10 

pH 7.00 Buller 

7.08 

7.06 

pH 4.01 Bu I fer 

4.00 

4.00 

4.00 ___ 1..:5. 7 .0_3 ______ ;.__ 

20 7.0 t 4.00 
--------·-~-------·-

___ ..:,2~ _________ 7._0Q ___ _ 4.01 

__ _;:30 ______ 6._90 __ 4.02 

35 6.9A 4.02 ----·------ ---- -·---- ---------

pH 10.0 I Buller 

10.25 

10.18 

10.12 

10.06 

10.01 . -
9.97 

9.93 

4.03 9.80 40 6.97 _____________________ __:..:.::..:. ________ ::.:.:::.;:__ __ 
4.06 9.83 !iO 6.97 ______ ___c. _______ __:..:..c...: __ _ 

60 4.09 6.98 _____ ___:.;c::.::_ _________ _ 

0 
H) 



- - - - - - - -
)attery replacement 
o repl; • ..:c lite lJJIIcries, remove llle panel on 111c l>ilCk cl 111c meier. Oe sure lo 
.,,~crv<: I he poiJtily mJrkino wllcn in~erlino new IJallcric:;. 

ecord e r output 
Ill! rctl and l>IJck binding posls al lllC side of lhe meter provide an oulput lor 
trir cii<Jrl recording of absolute mV independent of lunction mode. For 
·cordt:rs willl input impedance of tOO Kiloluns or greater, the output is fixed to 
c.Joul 100 mV/pH. pH t4.00 output is 1.•10 V. Lower impedance recorclers may be 
sctl LHtl luii·SCiJic oulput is reduced. 

1. Corlllccllltc leild from the high (inpul sic1e of tile recorder) to lf1e red binding 
po:.l ;,ntf lite lt:ad from ll1e low (!.Jroun<l) siclc lo the blilck l.lincJillfJ po:;t. 

., l'roce.~d accordi11g to directions in the strip cl1art recorcler instrucliO;'l 
111J nu a I 

epair and service 
>111()ll wJrranly covers failures due to manulaclurcr's workman:;hip or malerial 
r:lccl lrom tl1c dale of purchase by 111e user. User should return lhc wJrranly 
:111110 OniON Jnd r,elain proof of purchJSC. Walfi)nty is void if protluctltas i)ecn 
'"'::.<:ll. misu:;cd, or repairs allemptcd by unaulllorizetl persons. 

VJrr;Htltcs llerein arc lor products sold/instJiled lor u:;c only in Jhc United St<Jtc·s 
ntJ C.1nacla For OniON products purcll<Jsed lor usc in all olher countries consult 
KJI irH011n1ry, authorized ORION sales ilgenlltlistrii)UIOr lor protlucl w<JrrJnty 
dornt;JI>Oil 

'llclurn fl.t~lllorization Number mustl.le obtained from ORION L<Jbor<Jiory Pro· 
111r.t~ Cuslorncr Service before relurning any procluct lor in·w<Jifunty repuir, 
cpt<Jccrncnl or credit. 

·1~o lcrnon"lnstrumcnt Warranly 

1 he •n:;lrumenl t5 covered by lllc 01110r~ "No Lemon" walranly.lltllc in:;lrumcnl 
l;,.ls v1111un lwclvc months lrorn dale of rurcllase lor any reason o111er lllJn 
~llu:.r:.lltc• purr.hJscr mily clectlo l1<:1ve it rcrairecf or re[Jiilcccl ;~I no cl1arge. Tltis 
wnrr~111y Cll'll:r:. lllr. orioin,11 or r•:fll.lCt:llll!rtllr•:pairctl rnr:l1:r !rom rl;tln ol ori!Jin;d 
ntoler [lurchasc: lhc warr<Jnly i~ nol cxlcncled lJeyond l11e buyer's ori!.Jin;~l wJr· 
r only <laic. 

-
accessones 

015600 

91048N 

910600 

912600 

913600 

915000 

9162BN 

91GJ8N 

91000~ 

910007 

910009 

91010~ 

910t07 

910110 

970099 

910002 

020030 

020120 

020121 

nos:; 1
'·' epoxy l.locly, bulb Qu;Jrd combinalion pH clcclrollc 

Laboratory grade coml.linalion pH cleclrode (BNC conneclor) 

GX·s(!ries epoxy body, gel·lilled combinalion clcclrodc (ONC 
connector) 

GX·series epoxy body, ocl·lilled II<Jsk comlJinalton clcclrolle 
(ONC connector) 

GX·series epoxy body, gcl·filled llal surlace comDin;JIIOn [lll 
eleclrode (GNC conneclor) 

RX·serics relilloble, epoxy body combination pH .::lcclrodc: (ONC 
connector) 

Combination pH cleclrode with rugged l.lull.l (ONC connector) 

Combination pH eleclrode wilh neeclle shJ[)e (BNC connector) 

f)H ~ tlldler p<Jckels, box ol 25 packels. car.l1 p.11.hCI rnal.inq 
200 rnl of buller 

pH 7 l..luller packets, box of 25 packcls. eac11 p;rckel llldl-.>n() 
200 ml of btdlcr 

pH 9 buffer p;Jckels, l.lox of 25 packels. cacrt pJCf.~r rnah>n() 
200 ml of buller 

r>H ~.01 buller, ~75 rnl bollle 

r>H 7.00 buller. 475 mll.lotlle 

pH 10.01 buffer, 475 ml bollle 

Dissolved oxygen clcclrode 

Eleclrodc 11oldcr 

Sl1orling plug 

110V AC line <Jdapler 

220V AC line ad;~plcr 

I 

1;.. 

>i'. 
c· 

(I' 

'V 
OJ 

1.0 
(j) 

0 ,_,., 



.. .. 
;pecifications 

p~ck~g~ 

conlcnl s 

rango 

resolution 

tempera lure 
:ompensalion 

isopolcnllal 
poinl 

power 
rcquirerncnl 

dimensions 

wolght 

rnoclel 211 digital pli meter, witl1 model 910GOO gel·lillecl 
unbreakable cornl>inalion r>ll electrode, sunnorl rod, elec· 
lrollc holder, t>olllc:; lor r>ll 7 l>•rllcr ;~nd cli:;lilletl water, one 
packet pH ·7 buller powder, AC ati<Jplcr, six 1.5 '! lJ<Jlleries, 
and carrying case 

0 to 1-1 pH 

I .01 pH 

manual (0 10 100"C) 

pH 7 (lixed) 

six 1.5 V balleries; 
ballory lilo: :lOOO len second intermit lent me<:~suremenls 
when line adapter is not used. 

llno adapter: 110 or 220 V :!: 20%, 50/GO Hz 

14 em l1igl1 x 9 em wide x .,.5 em deep 

0.4 kg 

spoclllcollons sub(ocllo chango wllhoul noil<:a 

.. 

I 

- .. - - -··"'?'-
notice of compliance 

The Model 211 m<:~y generate radio frequency eneroy and il nor installed and 
used properly, 111<11 is, in strict accord<Jncc wilh lhe manulaclurer·s insrruc
lions, may cause interference to radio and television reception. II has been 
lypc·lcslcd and found to comply witl1the limits lor a Cl<:~ss 0 comnuting device 
in accordance willl specifications in Sullparl J or Part 15 ol FCC Rules. which 
arc dcsiuncd to provide reasonable prolcction against suc11 inlcrlerence in a 
residential insi<JII<Jiion. However, rhcre is no guarantee that inlerlerence will 
not occur in a particular inslali<Jlion. II t11e Model 211 docs cause interlercncc 
lo radio or televfsion reception. which can be determined by lurnina lhe unil 
oil and on, lhe user is encour<Jged to try to correct the inlcrlerence by"one or 
·more of the following measures: 

- reorient t11e receivino antenna 

- relocate the Model 211 with respect to 111e receiver 

- move the Model 211 away from lhe receiver 

- plug ille Model 211 inlo a dillerenl oullel so thai the meter and receiver arc 
on dillerenl branch circuits 

II necessary, the user should consult I he dealer or an experienced radiollelcv•· 
sion technician lor additional suggestions. T11e user may l•nd the lollow11•g 
booklet prepared by the Federal Communications Commission helpful: 

"How to Identify and Resolve Radio-TV lnterlcrence Problems .. 

This booklet is avJii<Jble from rhe U.S. Government Prinring Oll•cc. Washingron. 
DC 20402, Stock No. 004·000·00345·4. 0 

~ 
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APPENDIX F 

FIELD MEASUREMENTS OF SPECIFIC CONDUCTANCE AND TEMPERATURE 
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(Paoe 1 of 2) 

FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE 
AND TEMPERATURE 

Method: Specific Conductance, umhos@ 25"C 

Reference: EPA 1979, Page 120.1, Standard Hethods, 15th edition, pp 70-73 

Detection Limit: umho/cm@ 25"C 

Optimum Range: 0.1 - 100,000 umhos/cm 

Sample Handling: Determine on-site or within 24 hours 

Reagents and Apparatus: 

1. Conductivity meter (YSI) and ?lectrodes. 

2. Deionized water in squirt bottle. 

3. Standard potassium chloride solution, 0.0100 N. 

Procedure: 

YSI Conductivity Meter 

l. \-lith mode switch at off position, check meter zero. If not zeroed, 
use meter screw and adjust to zero. 

2. Plug probe in~o jack on side of meter. 

3. Turn mode switch to red line, and turn red line knob until needle 
aligns with red line on dial. Change batteries_ if cannot be aligned. 

4. Totally immerse probe in sample. Do not allow the probe to touch 
the sample container. 

5. Turn mode switch to appropriate conductivity scale, XlOO, XlO, or Xl. 
Use a scale that will give a mid-range output on the meter. 

6. Wait for needle to stabilize (about 15 sec.) and record conductivity 
multiplying by scale setting. 

7. While gently agitating the probe, take sample temperature ("C) and 
record. 

8. Rinse probe with deionized water. 

9. Record specific conductivity (1st column) and temperature on F.O.S. 
sheet. 
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(Page 2 of 2) 

Notes: 

1. Calculate conductivity using fo1iowing formula: 

G 25 = Gr 
[ 1 + 0.02 (T-2S)J 

G 25 = Conductivity at 25"C, umhos/cm 

T = Temperature of samp 1 e , ·c 

GT = Conductivity of sample at temperature T' umhos/cm 

2. Report results for the standard solution with each data set. 

3. Record on field sheet which meter and probe were used. 11eter should 
be wiped clean as necessary. 

4. After returning to lab, compare results with pre•1ious data. Report 
problems to lab personnel. 

Reagent Preparation: 

l. Stock Potassium Chloride Solution, 1.00 ll: Dissoive 74.555 g. K Cl 
in Milli-Q water and dilute to 1,000 ml. in a· volumetric flask. 

2. Standard Pot.a~sium Chloride Solution, O.OlOON: Dilute to 10.0 mls. 
of stock solution to 1,000 mls. with t1il1i-Q water using a volumetric 
pipet and flask. 



·-· .. IIIII 

\ ~ .. - •. ·.-· : ._ •to .. , 

TAOLE OF CON I (NTS 

GENt:nAL DESCRIPTION 

S f' ( C I t I C 1\ T I 0 N S 

Ol'li-:ATION PI.IOCEDunE 

S<:1un 

2 T (:1111)Cf r1 lure 

J SJI•n•IY 

·1 CCIIHiuCIJrlCC 

5 E rrot 

ClnCUIT DESCRIPTION MAINTENANCE 

·..: . .. 

.. : · .. ·~: .:·:: 
.···. 

,·,.'I 

2 

2 

·1 

li 

AND CALinllATION 9 

~ 

'J 

'J 

I'll()[) E I] 

J l'r<JlJC U~c \.1 

1.1 

YSI M0()[ l JJ 1\Nl) J ]1\1 uSLO WI Til YSI S I /1 :_,.1 .\t-:1) ~>I. 

0XYG(N M(T(IIS ltr 

WAn nANTY :'I 

0 
Hl 

~ .... ~·.····--~-.-~.~---J ,·. . : ·., .. -~~_:"\~Z"..;~::.~-~--.--
••••• '•, ... :· ••• ·,· f • • • •• •• • 

... .·· _ :.:-4 c .. :~ :, ....... --~~-- ......... · ... · 



G(NEnAL DESCRIPTION 

Tl•c YSI k!CJ<iel 33 ancJ ].1M S-C.T Meiers Mr. porl<rlllc. il;lllcry 

pOwered. 11,11\~rSIOII/C<.J 11\SIIUIIl(:riiS dt~:,I~Jil(~(f IO :lt:Clri~IICI\• rnc:;IS\IIC 

~&:Jirl\rly. t:onduCIIVIIY .:.nd lt!lllf)CIJIUIC Tlu:y u~c a fHOIJC (01\~r::.llll<J of 

a ruu~ell. plnst•c conllu"•vlly cell anrJ a. prcc•s•OII YSI illcr m•stor 

1\.!Jnfll!ti"lllJIC -SCIISOt COllliJinCd 1n a Sln!Jie Ul\rl 

Cot~t.lu<:l1vity w1lh tile Model JJ is expressed as micromllos/centi· 

n•ctcr (Jrt1lllu;tcml: w11h the :1JM. it"s null•slenlcnslmelcr (mS/m). 

These iltC rne~suremcnts of the clcCIIICal conductance the s~mr>le 

would show .r me<.~sured between opposllc faces of a 1cm cui.Jc. 

!Convr.tSIOll "Jformaloon: 1 ,mho/em = 0.1 mS/m.) Sailn•ly 15 the 

IHIIIlUCI of \)r~lllS uf SJii.'koiO!Jiiflll Of SJ•nplc ('1\,o p~IIS per 

lhou:iilncl). Tlus 11\f!,)~;urr!tHt:nl ilS~urncs the Stllnplc c:oru,lro~ ,, ··~1.11\· 

tlilrd .. sea wJlt:l s;lll Jlll•hlfC. Tile S<Jmple lernpCt<IIUrC IS llll!<JSurccJ •n 

d.::v•ees Cels111S , · 

Sat.nrly nll:J~urellll.'lliS .11e manually tctnpr.t.ll<lfc cornpensatccf by 

dlleC.:I cfral Conclu, :rvrly 11lC;rS<rtei11ClliS arc 1101 ICIII!"Jt:IJiliiC cornpen· 

Silled. ilowevc1. il lcrnpcrJI<IIe lunctron •S provrtlcd un the tiiSIIurncnt 

IO ard w•lh calculatron of corrcctrons 1\lso. when fUSI lcmperJI<rte 

ancf COrllhrCirvtl\" JrC know11 rl rS f)OSS•l.Jfc 10 C.lf<:ul,liC SJitrltly Jncf 

when only ICillflCIJI<IIC Jncl salrnrly arc known rl rs pn~s•lllc 10 

caiCuiJIC COrrduCitvrly 

SPECIFICATIONS 

Motlol JJ (,;lldltCiivily 

n anvcs 

At:cwacy 

0-500. 0·5.000. 0-50.000 

prnllus/cm w•lll YSI 3300 Serres 

Prol.Jcs !Note Tile ··1,milo·· rlcs•a· 
11t1t•ons on the n\Cicr Jre a 

sllorlllahrl lorrn for ··plllilll/crn··.) 

+ 2 5°to rnJx C!IIOI Jl 500. 5.000 

,lrHI 50.000 plus prol.Jc 

J· J 0"•o 11\.lx C!IIOr Jl 2 50. 2.500 

arrc.J 2 5.000 plus fliOlJC 

Sec Error Sc<.ltOII 

2 L __ 
,,,,._ .... 

TernpctJI<HC Cornpcrrs;llrOI\ 

Model JJM Cor·ductivity 

nonvcs· 

llccur JCy 

ncac1Jl>rlrly 

Tcmpc•Jiurc CompcnsalrOII 

S<Jiinily 

nJnuc 

Accuracy 

neJd;rl.Jrlrly 

TelllfH!IJiwc Cornpensatron 

2 S 1 r~td•u~lc..n' un ~00 ,,,,dHJ l...:n1 

1,111UC I 

25 pll\110$/~rtl 1)1\ SQOQ piiiiii}ILIIl 

I;IIIUC 

250 /'"'''o;lcrn 
Jrlllho/t.:,,, rJnUI.! 

()II 'j() 00Ll 

0 50. 0 500. 0·5.000 rnS/rn ,.,,,, 

YSI 3300 Scr•es PrulrC> 

"l 2 ~,..,,, 111;1~ errQf Jl ~Q IJOO .ll•tl 

5 000 plus prOIJc 
l 3 0°/u IIIJ• errOr Jl ? 5 2 50 .,,,. 

2 500 plus p•OIJ.:: 

S.:c (rror Sc(l•un 

0 25 rr1S/rn (HI SO •rrSirr·· t,lrr:_ro.: 

2 'j ,,sl .. , un 500 mS/rn rJ•HJ;; 

25 0 111S/111 011 'j 000 111$/tll 1~ 11 <jL' 

Norre 

0 110. "' 
10 I 115' ( 

IIIJuve <1 '· C 

I L''''l)l:r ,II \II\.' r ,I'••.J•' (JI 

~ 0 9 .· 
± 0 7 ''·'~" ;ll 20 u_ ..• plu':lo (UII(I'"·::•vlly 

pruiJC 
Below <l~C. :t 1 I P; .. ;,, .JO•· ""c 
·r·09•· .... at20· .. pl .. s,;urr<h,:l"'''' 

prOIJe 

Sec Error St:LI•Uil 

0 2 •· .... un 0 40 uu. '""VC 

MJnuJI l.Jy dt~ccl cJ•al !tom ·2 10 

t <15'·C 

J 

. ·::: .. · .. :,~·~,~/~~~:~<}t.·~:;;,:-~~--~~~:?:·;,r~:-1.~+::::-:.:.-::r ::· ... :·,·:·>·_.: .,: 
·.·· :.~;~~~-~--~ . -~-;.:.· .. ·~;:~~~f .. ~·;:::~ ... .,:.~::.:·::.:· .. ,_ 
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Te111per.,1uio 

flJIISJC 

Act:wJcy 

ncadJIJoloty 

Power Supply 

At:c<orJCy 

Ins lr urucnt 

Aorol.JoC:III nanue 

OPEnATION PflOCEOUnE 

1 Setup 

·:2 to ~ so·c 
±0 l"C "' -2•c. ±06"C at '15°C 
plus prul>c 
Sr:c Error So:ctron 

.lO 15°C at -2•c 1o ±037~c at 
'1 ~uc 

Two 0-sorc: ;olkalone 1>;1tterocs. Ever· 
CJCiy (95 Or r:quovafent pouvotic a;J· 
proxnn;llely 200 h1s ol upcr.'ltoon 

YSI 3300 Serres ConcJuCIIvoty/T..,tn· 

Pt:r;llule l'rolJe 

Norn1n~l P1ol>e.Cons1an1 K = 5/ctn 

·l 2",,. ol rc.Jdllo!J lor .:onduCiovrty JIHI 
salor,oty 

Error ol :1.01°( ;11 O'C and 
103'Catll0'C 

Saii>IJCIUry !lfl(;O;JioOII ·5 10 1·11 s•c 
A 11laxrn1um crror ul :J: 0 I~ •. ol 111c 

re:ulnlu per ~.oc t.:hilrlCJC ~~~ '"~''""'erlt 
lct~•pcriHtHL' can o<.:cur TJ,,~ t:rror •S 

lh:'.Jh~plJie d tl\r: '"!tlru.ru:•:t t$ tl!Jd· 

pr>lcc1 10 rl'CIIone lor e;11l1 rl'Oic1ori!J 

I~J l\tl1t1SI lllr:lC..·I IL•I(J f,l llf:t."l:S~i•l\,1 f1\, lullrotiCI l~ll.' fJ:I~(.'hiC 

St.:'ll.'W Ul\ IIIC IIH;Icr f1:11;c SO lhid !Itt: llh:ll.:r llt;a:dlt· r.l)lll(adCS 

\Vall\ lire /c.:IO 01\ .lilt: ('(11\(ltl(ll\'rly SCJic 

(IJI (~ldHJl(.' l"c •nPlt:r l1y t""''''~J 11\e t .. 1(JfJE 1 .~,,.1 1 u1 10 

Ill· I) I IN[ ;nool .orlt"''"'V tlor: II( Ul IN( ll•lltoo·,t "'tiro: ooo<:l"r 

nectllc Iones up wotll ille rr:ulone 011 tile meter I_J<:c II '''•S 

CJIIIIOI IJe JCCoonplosllo.:tl. rt•pl,,o.:e the l.JJIIcroes 
lei Pluu the prul>e ullo tilt: f.l•Ol>o.: Joel. un the S•u~ ul the "'>t•u· 

rnent 
(u) Put the prol>c or, th~ solutoon to l>c rncasooo ct.J !Sec Prul.Jo.:_ 

U~c l 

2. Tconper<>lure 

Set the MODE control 10 lEI\.lt'I.:R/\TUIIE 
tr:111pcrature on the 1Jo11orn scale ol the oo1etcr '" t1c'.J'"''~ 

Cclsous Allow tome lur the prol>e ICIIIJ)erJIIorC to C<.l"'" 10 
L'C)udrl.>rrull1 V\1111\ thilt ur tile w;.Jicl IJ~rorc •cJdlll~ 

3. Salinity 

(J) TrJnslcr the tempcoJture rcJU•IIIJ lrurn Sto.:p 2 tu lf•l: · C 
~Calc 011 lllC onslrullll!lll 

(1>1 Swot,;h the MODE control to the SI\LINITY puSot•O•• ""'' 
lt';Jd S,")laHiy- Oil lhC tC<.} Q 4Q u("" IIJ(.'l~l IJIH)t:! 

!cl Oepress the CELL lEST 1Ju11on Tire mct<:r rc~.l•ll\l ,,,n,.ro 
r~."l lc:~s than 2~-u .r ureJtcr. lhl' l)rutlt!' ·~ loult..•d .j••d 111L: 

rnec)SUII.:'Ilh!nt rS. rn C:IIOt Clc~n lire: prU()c JnL.I IC: r11C~...,"''-' 

4. Cor~tluctivity on Model 33 (Model 33M d;,t;> .lr•! ool 
parcntltcsos.) 

!a I Swoit:ll tile MOO E control to the X 100 scak II tire r,· .• ol•"'.i 

os l.Jclow 50 on the 0·500 rJIIV~ 15 0 on tl1e 0-SO •Joo'.)O::I 
Swoich 10 the X 10 SCJie II the reJ<1ong oS >1•11 IJo.:lc..w 50 
!5 01. sw1tch 10 tile X I scJie Ro.:Jt.J the onr:to.:r sc.11o.: ;111,1 

'''\tlt•nly till! rt:.lti•"U ~ll'l'"'tlf•Jtcly Thl.' ,lr\S'"'-'' 

)11\.!S!->L'd rn p11d\US/c111 (•1\S/ru) f\1t:.l~urcri\L'r11S 

IC lllfl(:ril tur L' CUillpt:n~;IIO.:tl 

E xan1ple · fl.leter ncadon!J 

Sc;,lc XlO 

']tl 70 ,ndlo':lo/Lrn 

(~<1 7 0 onS/rnl 

•') 

,Jil,:' 

w 

0 
HI 
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(lJ) Wll~n n••:.lsuring on the X I 00 ilfiU X I 0 st:Jies. dr:prcss the 
CELL TEST l>utton The 111.:ter re~lhng should fall lr:ss th<Jn 
2%. of greater. the poot>e os fouled ilfiU the rneasuoemc11t os 
on error_ Cle~n tile prul>e aml re HII!<Jsuoe 

NOTE: The CELL TEST c.Joes not funo:toon '"' the X I sc<Jie 

5. Error 

Tile rn.:lxornurn erroo on J rcadong cJn I>•! cJituliltl!rll>l• uSIII\J tile 
!Jraphs "' the follnw"'U sections_ 
(I) Ternpl!o;oturc 

The ternpcrJturc SCilil! IS d<!~l!)llecl to o•vc the minornum 
salonoty error when the t~mperaturc re<Jdonus ilrc uscu to 
cc.mpcnsJte s.1_1111oty rn,_.;,surcmcnts 

fo'jllrC I ShOV\:. tOtill Cflui for (HOlJe JnrJ IIIStrument versus 
0 

( fllCt et I .:iltfong 

I 0 

-· 

.I 

-' -

l-

-' 
__ J__ _____ !__ __ __ ____ J_ .. _ ------- ___ l_ _______ j___ 

10 

: '·"'' 

"'-; .. ~ 

••. "'d •• 

Total Error 0 1\ •c 
Ac.:urilcy 15~C l 0 4~C fo, pool>e 

J•hl•••~l•un\ent ~urnl>•nccJ 

121 Condu<.:tovoty on Mlllicl JJ (Mud.:! JJM cl:~ta Joe "' 
piltentheses l 

I -

I -

Fo!)11re 2 ~hows the ,-,orst-CJSc O:OflclooLtl\·oty e110o LIS J loofiC
toon of the COndu<.:tovoty ocacfoll!) fur the I•"Jioc JooO OOI>Ilu

ment COrfll>oned 
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Ml J.OtNC 

IJI Salin~1y 

The S<ll•n•ly ll:adinos urc a runC11011 or ICilliJCI,11liiC .11Hl 
con<luCI1v11y. lilcrcrorc lliC <JCCliiJCy is ,) runCIIUI1 or .UOih. 
Tile 1C11"1pcrilturc ~cJIC tiiHI ICillf>CIJiliiC cur~11C..d l.•i.Jve hecn· 

dcsiuncd 10 m•nirn11c I he '""'P'" <Jiure error con1111Ju1ion 10 
lhc sillinrly error. Tile error shown in F·~Jurc 3 is rhe IOiill or 
1hc l(:rnpcralure and contJucliv•IY pruue. lhe lcrnperJiure 
scale and 111e salin•ly sc<Jic error. 
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CIRCUIT DESCRIPTION. MAINTENANCE AND CALIBRATION 

1. Description 

The circuli is cornposctl or two parts. <1 mul;ovrl>r~tor ancl Swrtclw•a 
transistors. The multrvil>r<Jtor produces a sqrrJre w<Jvdorm vult.,(JC 
The SC]uJre wJve is Jflplied to two swrtclrrnu trilr>sistors Tirey Jlter · 

n'JICiy ~pply twO i>Jtieries or Opposrle pol~trly 10 ii>C prulJC: ilr11S 

provrdrna AC power whrch mrnrmrtcs poiJrrt<Jtroll crrr::cts· The rrro.:t~r 
is in scrrcs wtlh one IJattery and rneJsures the currc11t rrorn rt Tile 

current rrurn the bJilcry is proporlronol to the conrluCIJrrCC ultlrc .:~II 
SiJirnrly is mc.1surcd rna special r<:Jngc conrlrrCiovrly crrcrrrl whoch rn· 
chrtles a uscr·ilrljrrstcd temperature compensator. In il>c l<:rnp..:raturc 
redlrne and X 1 posittons the rnulttvrl.Hator operates at 100 lit lrr tile 

saltnity, X 1 00 and X 10 pOSitrons the multrvtiJr a tor uJII" a It: s ;r t 600 111 

anu "'these riln<JcS rushr11g the CELL TEST l!rrttoll drops the rreqrocll· 

cy 10 100 lfz alluwrng the operator 10 rurl(Jr: thl! rlccyce ul prnl;e 

poi<Jrizatron 

2. M<Jinlcnnnco 

The only lli<Jrntcnancc requrreu r~ I.J~IICry repl;rr:cmcnt Two 0" S•IC 
<JII<Jirnc IIJshlr(Jht cells. such <Js [vcrc<:Jdy [95 or r.qrorvJicnl. woll 
provrdc 200 IllS or ci~crJirOil AccurJCy wrll nut l>c lllJIIoiJolll:U ,r /Ill(. 

CJrllon "0" cells ,1rc uscrl 0Jtll:ry rc~IJccmcnt rs rllrlrC,1tcu when the 

rculrne ;~dprstmcnt c<:Jnnol l!c ac::complr~hcd 

RcpiJce llJitcrrcs every six months 10 reduce the rl,11l(ICr or ,,)rrrtSilJn 

clue to leaky IJ;~ttcrrcs. To rcrlacc 1>a11crrr.s. remove the srx screws 
rrum the rc:Jr pl.1te Till! lJ,111Cry lrulclc:rs JIC color c.oclccl Tire Pusotrvc 
( + IJuttunl end n1ust uo un red. 

3. C;.rliiJrorlion or Modal 33 (Model 33M cliliJ JrO in j1Jrcntl\cscs I 

II rs possrl.llc rnr the lr!nlJlCratrrrc \..noll 10 l>t!r:umc loose or sl·~ lrum 

liS nornrJI pn~rlrun In Jn Cllll!r\rcncy the drJI CJn Ire rc JlC•~•I<UriC:ll It 

must l>c crnpll;rSr/l!U that tilrs rs Jll cmcr!.Jl:IICy prOCC!Iurc "nly. ane1 

illJI the rn~llurllCIII Shoulcl lle lt.:lrllllCCr 10 lllC r,rLIUry rtll JIIU[JCI 
rcc,1lrl)ri)lr011 Jl IIIC CJrlrCSI O()purlullrly 
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nt:iltl IIIC ICr11per,11llfC l.lnd c..:onrlur:ltVII\' o( lhr. ~OIIIII()fl Dt!ICI· 

fl\rnc the s,1l11111y ol tl1c solui•Or\ hy lt.Htllrnu o ltnc vt:rtrcally on 

the ur;rph loom llus condiiCiance vai11C ""'" 11 ulll:r~ects the 
• 1ppropro;otc •c lone (orueopolate as re""'"'d for ''""perat11rc 
lrclwl!CII the u•ven ·c lor"H:sl Froon lhos "'''''~eCirUtl e>lcnc.J a 

\ {./. 
•v' , .. ../ 

J I 

..:AIIIIIIAli~JN CnAnr 

111 LJlJ 1 l.u.Lt.l U.L.LlLLu.luu_l u u.luJ.J 
10000 ]0000 )0.000 40000 ~0.000 

,.1nho• 

I 000 1000 ) 000 4 000 'Joo) 
,.,s "n, 

. ~ .. --:--~~. . .. 
..· ...... .. 

lone hOIIIOnl~l!y to the r.cl(JC of the (JIJph Tl11s Jctcor1loooe~ 1hc 
s<Jirnoty for lhos sarnpfe . 
[•<Jmplc 25.000Jrrrlhos/cm ~rrrJ 20vc uovcs J s.llooloty ol 17 
IExJ111plc 2.500 mS/m anc1 20•c (J•vcs J sJionoly ol I 7 l 

(IJ) ncmovc lhc •c knoll. swrlch 10 SALINI"TY. anrl turn tht: .:on tool 
shall unlrl I he llll:lcr needle orlcfrCJICS 1111: sJionoty vahrc rlo:lcr. 
rnoncc.J 111 Step lal. In the e>amnle (J•vcn. the value os I 7 

lei Swotch to TEMPERATURE (Note Trus IC11opcraturc rc;HI""J 
mus I !JC lire S Jrne <J s. 5 tcp (J), of 1101. UC!.Jrn J:.Jo1orl J 1 S lo!p I J I l 

l'l;rcc rht: knol.r on tire control sl...rlr (wolhoorl '""''"!.1 rho: O:OIItool 
shall) w1111 tire knoll poor11er Jt rile s;11nc ICIIlpP.ratoooo:: ;rs ll•t: 
rnclt:r rC..ltJrn[J JrHJ I•!.Jirlcn horh set screws st:Crorely 

AI r;JrfoCSI opportunoly rcc<JioiHJIC uSong the lollowrn[J I••U(L·tluoo: or 
reiiHn the or1s1rumcnl 10 f~clory for scrvrce 

Ia) Set lhe rnstrumcnl for a sJiollrly nre~suoernt.:nr Js nooonar 
ll.rl SrJIJSirlulc <l I 000 1of CJp<JCIIOr Jlld I 12 7 ol1111 0 I~·" lvlco.111Ce 

rt:srstor for lire prut.Je. 

Connct:t lhc rcsrstor and c<>oat:olor t.Jcrwcen the •J•cen wore ..roorl rt:d 
WIIC On the JaCk COilrt('CIIOI)S rn~rdC IIIC lllSiturncnl 

GAc£~-W-I_R_E-------,~-1---------------~ ~~-------
1 000 •" 

.1'/. 

1\f.O"WIIIE 

0 

.•-:. .·. 

0 
H) 



lei Turn lhe lo.!lll(l\!r~lllfe <1·~' ""'" lhe ll\Cll~r rt~Jds rcuhnc 

Now '"~I.JII ,·he lcrnpcr.Jiurc knolJ wrlll lhe a11ow ill 25uC flus rs ~ 
'""'l•rlf,fiY r.ahi11Jirtln only nclurn 1he 11\Sirumcnl IO llrc (,1Ciory lor 
llltq~t·r rcc:.'ll•tualaon 

Pf100E 

0cSL11ption ul YSI JJOO Se1ios Conductivity/Tcrnpcr;>lur!J 
Probe 

((1,; Y$1 JJOO ::;.,, ... ~ CulldiiC:Irvoly f'ruhcs ,11C d .... ~•!JIICd lor loclrl usc. 
l.'IIIIIIJdylll'J t.:ofi~IIIJLI•UI1 Jlld lh:~•(jll ror ruu_uctf .• Jt;cur~l(: St.:rvrCC 

Each probe fcalutcs a l>uilt·in cell constant of 50 (500 0/MI ±2%. a 
llll!CrSIOrt YSI il•efll·ll~lor tCilliJl:rJiure sensor of :1:0 1 •c <tccur.1cy at 
O"C ~rul ±0 J"C ~~ 40"C ilncl a low capacrl~ncccillllc LJS~cmiJiy 1cr· 

"'"'<1'"'\J 111 a 1luec lhl!rrninal 0 25" tlla phone 1ype connector. 

frro: J] 10 hi!~ J 10 h c.~lrh! ..JIIcf 11>.: JJ 11 rs a 50 !1 vcrsron Oll>er 
lr•rrrplr-:-- .IIC Jv,ld~rhiC; Oil ::.pc<.:rJI {H(It~r 

J llr' prr 11H• hJ~ iJ rr~JIC1 P V ( lhuly pl~rlrllrlcd pure nu .. .:l<.L:I clc..;trOtiCS. 

.11111 d rt .. r,rlJI!.! (iiiJIL' prtrv•dii'U rt:~r~lolll(C 10 a \'Vule r,lrllJC of , .. v.:llcr· 

,,,,,,,,: .,,,,,~1~1\f:r:s. 

(;II (:lt',lllrlllj 

\\'ln:rr llu: t.cll lc:..l rr\fln',llr:"..o lov .. rt:;11h11US the: pr(JIJ,11Jh: (,)tr~l· IS dnly 

t•lr:• lriJdr•') 11.1rd_w:Jir~r.rlr:fHJ':>d~ f1d:, .Jild OIUJI\U: rnatlcr ,lrc lht: 11\0!.1 

,,, t:ly I (ti•I.JII\IIhii\IS 

frH ·r .. ;rr~ot,'IIIL'nl IHJIII1,11 tlt:,"llli11U !.CI:I~ 111•.: r:lt:LIIlHit:~ h11 S 11\rllulr:S 

"'"·nllr .• r '"'.-Illy ,rv,1d,IIJ1t• lr.rtluuorn lrh~ t:lc;rnrnlj fllt'Piii.JirUII such JS 

l),, ... (.ll,;lllol'Jl f);rii11UUII1 Clc:flrcr llrofl/01\ '"""~''"~s nJIIy lrll:. 
Pur(•:l.pr! and (IIIUIIlL' (lc:•ncr JtJIII,~()Il \IV,rlt f. II\ y ln:..I.Jil( 

C:l •. ,,,,., '" l y~o)l n •. ,,d IJ.l~·" Till) Trlr: Clt:.lllCI 

For slronucr cleJilnlQ i1 5 minule soak 111 J ~olulron n>:.dc ol I 0 pJ•IS 
drsllllecf wa1er. 10 p<liiS isopropyl alcohol and 1 pari IICI cJnl.Je uscc1 

AlwJys rrnse the p1olle <Jitcr clcan•nu and IH:Io•e ~•or;.~ue 

C/\UTION· Oo no1 1ouch lhe ekc1rodes n>srcle 1hc prul>c 
P!Jtinurn lll;,ck •s sufl Jnd can l.Jc scrJpcJ oil 

II clc~rllllQ docs no1 rcstc11e the probe pcrlornrJilCe. rc pi..Jirnq"'U •S 
rcqurrcd. 

(l.J) nc rl:llrnrring 

Eq"'""'e"' n.~ 11 u,cd 
I I I YSI //]I '10 PIJIIflllfllQ Solul•<"'· 2 II Ul 1]~. 1•1:JIIIlun> 
chiOrHie d•ssolvccl rn 0 02 5o/u lcJc1 acc1,11e solur•onl 
(2) YSI Model 33 or 33M S·C.T M.:1cr 
(3) 50 rnl VIJSS llreukcr Or <!flurvalcnl llOIIIe 
(<I) Orslrllcd wJier 

Ptoccclurc ·-
1 11 Cl..:un I he prol.Jc as 111 S(;CI•On Ia I c•lhcr nh:lhoc1 
(21 Placc rhc cell rn rhc l.JcJkcr ancl a<lc1 suii•C•l:"' YSI kJ 1 <10 

sululron 10 cover lhc clcc11ocks Do no1 cover lhl: lop ·of 
II1C pruOC 

!31 Pluv lhc prcrlle ni1o lhl! M(>Cicl JJ or JJM. ~""'"·" '" 1h.: 
X 100 sc;Jil: 10 pi<JI"urc: I he clcclrodc Move 1111: l·•••l>c 
slr!Jillly 10 oll!JIIl !he luvht:SI IIH:Il:r t•: ... l•ll!J ;,,tJ curol11>11<! 
piJIIIlrl•llV for lhe JpprO>IIllJit: lnllC ~h,,wn lJl:IOw 

M!!ICr nc,,ding Tunc 
t'"' ho s/ c m rnS/rn (rnirhrtcs) 

JO.OOO 3.000 5 
2 s.ooo 2.SOO G 
20 000 2.000 8 
1 s 000 l .SOO 11 
10.UOO l .000 16 

0 
H) 

file:///vide


('1) Alief 11le cl;,pscu lime rt:m<>ve !he proiJe <Jnd rinse inlrc$h 

WJICI. 
(:_,) flclurn lhc SOiulicn 10 liS COI\IJIIICI. 2 Ol. Of SOiui1Un 

should be sufllcicnl fur 50 1rca1mcn1s. 

J. Prouo Use 

(J) Obslruclions ncar 1hc probe Cilll disiUru rc<rdinus. Aile:J:.t lwo 
rnchcs of cft·JIJncc mu~t IJc offowed frorn non·rnciJffrc un· 

ilcrw..rlcr ohi•·<.:ls. Mcloffic o!Jjecls such <IS piers or weiuhls 
~hould l>c ~cp1 Jl lcJsl 6 rr11:hes from lhc proiJC. 

(lr) \Vcoullls Jrc <•II ached 10 I he r:.1lJlc of I he YSI JJ 10 and JJ l 1 
ProiJcs The YSI JJ27 Wcrvh1s arc suppl1ed rn pJrrs w1111 a 
1o1al wc1gh1 oft\ ounces per poir. Should 11 become necessary 

10 Jdd more WCI<.Jhl 10 overcome wJ.tcr currents. we suuucst 
llllll(llllJ the.lOiol WCI!.Jhl IO lwo rounds !8 pous) For wt:iUhiS 

"' cxcc~s uf 1wo puunlfs usc an 1111lcpcncle:n1 strSill!nSoon 
cJl>lc. In cllhcr c.Hc. wcovhrs rnusr l>c kr:pl <II lt:JSI G rrlchcs 
away from lhc probe. 

lcl Gcnllc <1\JII<JioOII fly r<JoSIII(J nnu lowering lhc pruiJc several 

lomes du1111U a rncasult:mcnl 11\Surcs flow of Sfll!CIInt:n solu· 

I•U" 1luouuh 1he prCJIJc anu '"'proves lhc hmc rcspun~1: of !he 
ICIIlJ)CJ il h1l C SCn5UI. 

4 Cell Caliuratio;n & Slandar.d Sululions 

The YSI #JJOO Sc1ic:s Ci:!IIS arc Cillohr;Jictf 10 ;,IJsohlle accuracy of 

+I 5% J,asc:d on a SIJioolaHJ solu1o0r1 Smcc lhe loiCUIIure (Hl conc!uc· 
lovoly d•'eS nO'I i11CI11.:a1c a C<ln$1SII!Illly JC:CCfliCcJ SIJ11d,lo{loJ,lloon 
111c1hod we hJve chu~cn !he 0 0 I dcrii.JI KCI soluiiUII 111CII10d JS 

ch:lcr 111HICU by Janes Hrnl 0 r acl~haw 1n I !.l 3 7 as our s i;Horlarcl f11:c en! 
lc•ll.ro()kS. as well ;,s lhc /\STM slanciJrcls. concur wolh II11S cho•cc 

The solullon JS prf'parcu by ()oi"'"'D 0 7'1 5 urams of pure clry KCI wolh 

lf•~llllclf wafer unlll the solulron 15 1 kllouram. The l~hlc l11:low ~IH1wS 

lloc v,Jiucs of concluclovoly lho~ solulnJII w01old have If ll1c rlostdlccl 
v ... i)(C;I were non-cunductrvc llov ... l!vcr. S•nt.:e cvcl\ IHt.Jh purity ll .• :.;tdletl 

.. :~ ·~~~·~ .. ;~/~:~(~~::;.~;~~ · .. · . ,·'· ....... . · .. ·.· .,-.~~.}: ~~.., .. ......... . 
. , ": . .. . . , 

. _,,;, .: .:. 

.;ijtJ;,~~~J1iL,;:·· 
1

· ,.: ,, . -

• .. 

.. , ... ····- ... : .. 

Wt11CI is Sl•uhtly r.011Ifl1Cl1ve. lhC 11\C(I$urcd ~lJil(Jut.:l•vlly vvdl l>L' h•<]ht.!l 

by an Jll\OUI11 l!Qtr;Jf 10 lhe W<tiCf.S CUnlfuC!IVIIY 

Temrora111re °C 

15 
1 G 
1 7 
18 
19 
20 
2 I 
22 
2J 
24 
25 
26 
27 
28 
29 
JO 

Cvnuuclivily. 
Jlfnhos/c.m mS/m 

I 1 4 1 5 
1 16 7 5 
1193 6 
12 I 9 9 
12t1 6 4 

12 7 J 0 
I;> 99 7 
132 G 6 
I J53 6 
1380 8 
1'108 1 
1·1 36 5 
1 •16) 2 
1 tl!)Q 9 
I 51 8 7 
I 5,1 G 7 

1 1 4 2 
11 G 8 
1 19 4 
I 22 0 
1 ~tl G 
127 J 
1 JO 0 
I :.12 7 
1 J 5 I( 

138 1 
I ol0 8 
11( 3 7 
1·16 J 
H9 I 

1 S I 9 
IStl 7 

The OflCIJ!Or 11\Jy u~c lilc Sl.1nd.11{) ~olui•U•I J1ltl !lie l.liiiL" tu ,.1 ... ·.·\. .. , 
cu1Jcy of a ccfrs consiJnl or 10 dctcllllrrll: an un~nuv"' t.:u•I:.IJIII Ill~ 

lo11nuiJ IS shown l>clow 

nrC· + c~J 
K - or 

n IS• ~· 5:1 

where. 1\ 
n 
c. = 
Ct ::: 

•• ~·• '"I•-••"••• "• - ••o•"·~·•oJr>- -~·-·,.· 

Cell consiJnl 

f\1l'i1Surcc1 rt:Sr5t~ncc II\ ~! 

Co11Ciuctov11Y '" pllll•os/cm 

10'• 

ConlluCIIVIIY Ill 1111\hos/..:m ul lhc d·~:ollo··l \'Idler 
IISCU 10 ll•:o\..C soluioon 

. '· .. ~ ~ . 

'1:J 
o.r 

1.0 
ro 

0 

0 
1'-11 



.,. 
'• I, .'• :'" '' 

( • I, 
\ 

Conducl•v•IY "' 111S/m 
Cond~•clivily "' mS/m ol tile <h$!dl~:d wJicr 11Scd 

10 111ukc the solu110n. 

n. C· and C1. or s, and s,, rnusl e•lher IJe dctcllnllu:d a1 111c silmc 

ll:n>pcralure or COIIeCicdlo 1he same lcrnpcrillurc 10 m<1kc lhc eC]uJ· 

to()ll v:Jhd 

Nolo; ror !utlhcr inlorrr•<~l•on on conducliv•ly ;~nd lhc above SIJII· 
d.)l\l II>IOIII\i\11011. tclcr 10 i\S1M St~•nl;11ds l';~n 23 -·- Sl;uul;ll\1 
Mc·thuds or Tesl lor EleCtiiCJI ConduCIIVIty. or WJICI ulld lnduSirl<JI 
W:..stc WJier - ASTM Dcs•!)ll<Jt•on D 1125 5~ 

YSI MODEL 33 AND 33M USED WITH YSI 51A. 54 and 57 
OXYGEN MEIERS 

llti\C: ~alrh•ly mcasurcmcnl •S 10 IJC uscu lor salrr111y correc1ron on the 
S I A. 1he rcauH'I!J should IJc conver I ell 10 Chi or osny I he lorrnula 1S 

$.Jillll\y ,.,.,, ·0 03 
f'PM (hlorosl\y 

___ _;_ _____ X I 0' 
I 0 

fur ll•cse .nsltullll!rll~ lhc 0 OJ can he rrculccted so 1hc CC]uJilon 

~ullpi•/•cS 10 

PPM Cl = 
SS h,,;, X \0 1 

I 0 

0 9 18 '27 J G S 0 
luu 

~ ··---+-r----1-~ 
0 5,000 10,000 l!.i.uuo 20.!.100 I'I'M CL 

I 

... J.,·.~- .... · __ 

ror SJIIIIIIY COlleCilOn when USIII\) the M.-,Jcl 57 liS.: the >3i•lllty 
rc;Juinu d11ec1 Iron\ the Model 33 or 33M No cunvers•on •s 
ncccssory. 

Model JJ and JJM salinrly tead111\)S IJ~cn •n conl""':r.on "'''" Muucl 
5t1 rh:;solved oxyuen tcadu•ns can IJc IISl:<! 10 COli CCI the M;,d.;:l 54 Cor 

sJirn•IY Jnd IO make pos1·measureme111 salul•ty t:orrc..;I,)IIS. to d•S· 

solvccl o~vacn dolta Corrcclion taule~ arc -avallalllc I"J"' the IJcto•y 

WAfiAANTY 

All YSI procluc1s carry a one·year unconcl•t•OnJI w:ur.•••ty on 
workl\\ili\Sh;p an<! pariS. cxciiiSIVe of IJ,)IIf:rli.:S o~rnil~)l: tlorOIIIJh ,)Cl:l· 

dent. rn•susc. or \Jn>perulg w.!l lle rc(lJIICrl at ;1 non'"';ll <:I•:J•(JC 

If you ilte .expc11CIICUIQ ddC•culty w11h a11y YSI JHCHIII<:\. '' n•:•v IJc 
rCitrrncd 10 iln ~uthOIIlCd YSI deiller Cor rcpau. even,( the wJII;JIIIV 

i1as l!xpucd If you need IJr.;lory ass•stJIICC lor any 11:;•~<"' r.tH•t.JCt 

Scrvrce Dcp.lr tment 

Yellow Sprrnus ln~rrumen1 Co. Inc 
PO Uox279 
V.:llcJw Sp11ngs. Oh•O U S A 
PIIOIIC (5131 767-72<11 
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APPENDIX G 

OPERATIONAL PROCEDURE FOR MODEL PI 101 

PHOTOIONIZATION ANALYZER 

EXTRACTED FROM PROTOTYPE PROCEDURE 
BY 

CHEN-WEN TSAI, U.S.EPA QAO 
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I. INTRODUCTION 

OPERATION PROCEDURE FOR 
HNu MODEL PI 101 

PHOTOIONIZATION ANALYZER 

1.0 Operation Principle 

The HNu Model 101 photoionization detector has been 
designed to measure the concentration of trace gases in 
many industrial or plant atmospheres. The instrument 
has similar capabilities outdoors. The analyzer 
employs the principle of photoionization for detection. 
This process is termed photoionization because the 
absorption of ultraviolet light (a photon) by a 
molecule leads to ionization via: 

RH + hv -------------- RH+ + e 

where RH = trace gas 
hv = a photon with an energy greater than or 

equal to an ionization potential of RH. 

The sensor consists of a sealed ultraviolet light 
source that emits photons which are energetic enough to 
ionize many trace species (particularly organics), but 
do not ionize the major components of air such as o2 , 
N2, CO, co2 or H2o. A chamber adjacent to the 
ultraviolet light source contains a pair of electrodes. 
When a positive potential is applied to one electrode, 
the field created drives any ions, formed by absorption 
of UV light, to the collector electrode where the 
current (proportional to concentration) is measured. 
The useful range of the instrument is from a fraction 
of a ppm to about 2,000 ppm. 

2.0 Instrument Sensitivity and Calibration 

-The instrument responds to atmospheric compounds with 
ionization potentials equal to or less than the 
ionization energy of the UV light source. If a 
compound in air has an ionization potential greater 
than the energy source of the lamp, it will not be 
detected. Table 1 presents organic and inorganic 
compounds and the light sources that should be used to 
detect each compound. The instrument is capable of 
using 1 of the 3 light sources - 9.5, 10.2, and 11.7 ev 
lamps. In addition, not all compounds respond equally 
to each light sources and thus they vary in their 
sensitivity to ionization. As a result of varying 
sensitivities to photoionization, the response given by 
the instrument may or may not reflect the actual 
atmospheric concentration of the compound being 
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detected. Table 2 represents the relative 
sensitivities for various gases relative to a 10.2 ev 
light source. Use this table to determine the 
approximate response of the instrument to a compound of 
interest, and to select the appropriate light (lamp) 
source. 

There are two types of operations that are used for 
calibration. For Type 1 Operation, a non-reg~latory 
(or non-target) compound such as isobutylene is used 
for calibration. In this case, the·instrument reading 
is reported in terms relative to the calibration 
compound used for calibration. For the type 2 
operation, the target compound or compounds are used 
for calibration. As a result, the instrument is 
calibrated to respond directly in ppm by volume of the 
target compound(s). · 

3.0 Instrument Specifications 

3.1 Performance 

o Range: 0.1 to 2000 ppm 

o Detection Limit: 0.1 ppm 

o Sensitivity (max.): 0 to 2 ppm FSD over 100 
division meter scale 

o Repeatability: ± 1% of FSD 

o Linear Range: 0.1 to 600 ppm 

o Useful Range: 0.1 to 2000 ppm 

o Response Time: less than 3 second~ to reach 
90% full scale 

o Ambient humidity: up to 95% relative humidity 

o Operating Temperature: Ambient to 40'C 
(instrument is temperature compensated so that 
a 2o·c change in temperature corresponds to a 
change in reading of ± 2% full scale at maximum 
sensitivity. 

3.2 Power Requirements and Operating Times 

o Continuous use on battery: approximately 10 
hours 

o Continuous ·use with HNu recorder reduces 
instrument battery operating time to 
approximately 5 hours 
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o Recharge time: less than 14 hours; a 3 hours 
charge will charge up to 90% full charge 

o Recharge Current: maximum 0.4 amps at 15 VDC 

II. OPERATIONAL PROCEDURE 

1.0 Instrument Check-Out 

1.1 Remove instrument box cover by pulling up on 
fasteners. 

1.2 On the instrument panel, there will be a label 
containing information on light source, 
calibration date, calibration gas, and span 
setting. 

1.2.1 If the instrument has not been calibrated 
in the last 14 days or since its last field 
use, it should be recalibrated. Check the 
instrument log, which should be maintained 
with the instrument, for the instrument 
status and its calibration history. For 
general use, the instrument should be 
calibrated to isobutylene at a span setting 
of 9.8. 

1.2.2 Check the label for light source and refer 
to Table 1 for ionization potentials of 
various compounds. If the compound you wish 
to detect is not listed for the light 
sources provided with instrument, then the 
light source will have to be changed. Use 
the probe with the proper light source for 
the compounds to be detected. 

1.2.3 Once it has been determined that the 
instrument has the correct lamp, the 
instrument may need to be recalibrated for 
the specific compound of interest. Use 
Procedure under 2.1.3 of this Section to 
calibrate the instrument. 

1.2.4 Check the battery supply by connecting the 
probe to the instrument box, and turning the 
function switch to the battery check 
position (Figure 1). (Note: The battery 
check indicator will not function unless the 
probe is attached.) The meter needle should 
deflect to the far right or above the green 
zone. If the needle is below or just within 
the green zone or the red LED indicator is 
on, the battery should be recharged. Follow 
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the procedure described in Section III 
(Maintenance and Troub~e shooting) to 
recharge the battery. 

1.2.5 Repack the instrument for _shipment to the 
field. 

2.0 Field Operation 

2.1 Calibration 

2.1.1 Equipment and Materials 

o Calibration Gas (2 ranges) 

Low range 0-20 ppm and mid-range 20-200 
ppm of isobutylene gas are used for 
standard field operation when contaminants 
are unknown or a mixture of gases is 
present. The isobutylene gas is used for 
general calibration because of the 
instrument's relatively high sensitivity 
to it and the non-toxic nature of the gas. 
Note: A specialty gas may be required if 
a single atmospheric contaminant is 
present and the contaminant has a 
sensitivity different from that of the 
calibration gas (isobutylene}. 

o Tubing and fittings (see Figure 1). 

o Rotometer or bubble flow meter. 

o Field Log, ca~ibration form, and data 
reporting form. 

o Table 1 for ionization potentials for 
compounds of interest. 

2.1.2 Calibration Frequency 

This instrument should be calibrated after 
each field use and prior to each field use. 
Continuous calibration check should be 
performed frequently during field operation 
(for example, check the instrument zero and 
calibration after every 10 measurements} and 
document the results properly. Caution: Do 
Not Change the Settings. 

2.1.3 Calibration Procedure 
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2.1.3.1 

2.1.3.2 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

step 6: 

Use a three-points procedure to 
facilitate the proper instrument 
calibration over appropriate 
operating ranges. Distinct 
mixtures of calibration gas with 
known concentration for selective 
operating range should be used for 
calibration. Each mixture should 
give a 3/4 scale deflection in its 
respective operating range. 

Instrument Setup. 

Remove Instrument cover by pulling 
up on the side straps. 

Prior to calibration, check the 
function switch (Figure 2) on the 
control panel to make sure it is in 
the OFF position. The probe nozzle 
is stored inside the instrument 
cover. Remove cover plate by 
pulling up on the pins that fasten 
the cover plate. 

Remove the nozzle from the cover. 
Assemble probe by screwing nozzle 
into casing. 

Attach piobe cable to instrument 
box inserting 12 pin interface 
connector of the probe cable into 
the connector on the instrument 
panel. Match the alignment keys 
and insert connector. Turn 
connector in clockwise direction 
until a distinct snap and lock is 
felt. 

Turn the function switch to the 
Battery Check position. When the 
battery is charged, the needle 
should read within or above the 
green battery arc on the scale 
plate. If the needle is below the 
green arc or the red LED light 
comes on, the instrument should be 
recharged prior to making any 
measurements. Implement steps in 
Section III to recharge battery. 

Turn the function switch to the ON 
position. In this position, the UV 
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light source should be on. To 
verify, gaze at the end of the 
probe for a purple glow. Do Not 
Look Directly at the Lamp Itself. 
If the lamp does not come on refer 
to Maintenance Step in 2.2 (Section 
III) . 

step 7: To zero the instrument, turn the 
function switch to the standby 
position and rotate the zero 
potentiometer until the meter reads 
zero. Clockwise rotation of the 
zero potentiometer produces an 
upscale deflection while counter 
clockwise rotation yields a 
downscale deflection. (Note: No 
zero gas is needed since this is an 
electronic zero adjustment.) If 
the span adjustment is changed 
during instrument calibration, the 
zero should be rechecked and 
adjusted. If necessary, wait 15 to 
20 seconds to ensure that the zero 
reading is stable. Readjust as 
necessary. 

2.1.3.3 Calibration Steps 

Step 1: Insert one end of T tube (Figure 1) 
into probe. Insert second end of 
probe into calibration gas in the 
20-200 ppm range. The third end of 
probe should have the rotometer 
(bubble meter) attached. 

Step 2: Set the function switch in the o-
200 ppm range. Crack the valve on 
the pressured calibration gas 
container until a slight flow is 
indicated on the rotameter. The 
instrument will draw in the volume 
required for detection with the 
rotometer indicating excess flow. 

Step 3: Adjust the span potentiometer so 
that the instrument is reading the 
exact value of the calibration gas. 
(Calibration gas value is labeled 
on the cylinder). 

step 4: Turn instrument switch to the 
standby position and check the 
electronic zero. Reset zero 
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2.2 

potentiometer as necessary 
following step 7 of 2.1.3.2. 

Step 5: Record on form and field log all 
original and-readjusted settings as 
specified in the form. 

Step 6: Next, set the function switch to 
the 0-20 ppm. Remove the mid-range 
(20-200 ppm) calibration gas 
cylinder and attach the low range 
(0-20 ppm) calibration gas cylinder 
as described above. 

Step 7: Do not adjust the span 
potentiometer. The observed 
reading should be ±3 ppm of the 
concentration specified for the low 
range calibration gas. If this is 
not the case, recalibrate the mid 
range scale repeating Step 1 thru 6 
above. If the low range reading 
consistently falls outside the 
recommended tolerance range, the 
probe light source window likely 
needs cleaning. Clean window 
following Step 2 under 2.3 (Section 
III). When the observed reading is 
within the required tolerances, the 
instrument is fully calibrated. 

Sample Measurement 

Step 1: Place function switch in 0-20 ppm 
range for field monitoring. This 
will allow for the most sensitive, 
quick response in detecting 
airborne contaminants. 

Step 2: Before entering a contaminated 
area, determine background 
concentration. This concentration 
should be used as a reference to 
readings made in the contaminated 
area. Under no circumstance should 
one attempt to adjust the zero or 
span adjustments while the 
instrument is being operated in the 
field. 

Step 3: Take measurements in contaminated 
area, recording readings and 
locations. Should readings exceed 
the 0-20 scale, switch the function 
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switch to the 0-200 or 0-2,000 
range as appropriate to receive a 
direct reading. Return the 
instrument switch to the 0-20 range 
when readings are reduced to that 
level. Record measurements in 
notebook or on an appropriate form. 

Step 4: Keep in mind health·and safety 
action guidelines for the level of 
protection you are wearing. 
Sustained readings above a certain 
level may force you to vacate an 
area or upgrade your level of 
protection. · 

Note: The instrument will not 
function properly in high humidity 
or when the window to the light 
housing is dirty. If the 
instrument response is erratic or 
lower than expected. 

Step 5: When finished, use the reverse 
Steps 1 thru 5 of Section 2.1.3.2 
(Instrument Setup) to shut down the 
instrument. 

III. MAINTENANCE AND TROUBLE-SHOOTING 

1.0 Battery Recharging 

1.1 The instrument should be recharged 1 hour for each 
hour of use or overnight for a full day's use. 
(The battery will last 10 hours on a full charge.) 

1.2 To recharge the battery (or instrument): 

1.2.1 Turn the function switch to the off 
position. 

1. 2. 2 Remove the charger from the instrument top 
compartment. 

1. 2. 3 Place the charger plug into the jack on the 
left side of the instrument box. 

1.2.4 Connect the charger unit to a 120 V AC 
supply. 

1.2.5 Check charger function by turning the 
instrument switch to the battery check 
position. The meter should go upscale if 
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2.0 

the charger is working and is correctly 
inserted into the jack. 

1.2.6 Place instrument in instrument mode and 
charge for the appropriate time period. 

1.2.7 Turn the instrument off following the 
recharge cycle. When disconnecting charger, 
remove from 120 V AC supply before removing 
the mini phone plug. 

General Fault Determination and correction 

2.1 Battery level is low. Recharge if necessary 
implementing steps described under 1.0 (Section 
III). If the battery will not recharge, it will 
have to be replaced. 

2.2 UV Lamp function - Gaze at sample inlet when mode 
switch is on an instrument function position and 
observe for purple glow of lamp. If the lamp does 
not glow in any of the three instrument function 
positions, it may be burned out and will have to 
be replaced. To replace the lamp: 

1. Turn the function switch to the off position 
and disconnect the probe connector from the 
readout unit. 

2. 

3. 

4. 

5. 

6. 

7. 

Remove the exhaust screw found near the base 
of the probe (Figure 3). 

. . 
Grasp the end cap in one hand and the probe 
shell in the other and gently pull to 
separate the end cap and lamp housing from 
the shell. 

Loosen the screws on the top of the end cap 
and separate the end cap and ion chamber from 
the lamp and lamp housing. Care must be 
taken so that the ion chamber does not fall 
out of the end cap and the lamp does not 
slide out of the lamp housing. 

Turn the end cap over in your hand and tap on 
the top of it; the ion chamber should fall 
out of it. 

Place one hand over the top of the lamp 
housing and tilt slightly. The light source 
will slide out of the housing. 

Replace lamp with one of same energy source 
as the one removed by sliding it into the 
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housing. Note: The amplifier board and 
instrument circuitry are calibrated for one 
light energy. 

8. Place the ion chamber on top of the lamp 
housing, checking to ensure that the contacts 
are aligned. 

9. Place the end cap on top of the ion chamber 
and replace the two screws. The screws 
should be tightened only enough to seal the 
"O" ring. Do not overtighten. 

10. Line up the pins on the base of the lamp 
housing with the pins inside the probe shell. 
Gently slide the housing assembly into the 
probe shell. Do not force the assembly as it 
only fits one way. 

11. Replace and tighten the exhaust screw. 

12. Reconnect the 12 pin connector and turn 
instrument mode switch to a function 
position. Check for glow of lamp. If lamp 
still does not function, the instrument has 
an electrical short or other problem that 
will have to be corrected at the factory. 

2.3 Instrument appears to be functional, but responses 
are lower than expected or erratic. The window of 
the light source may be dirty and need to be 
cleaned.· To clean the light source window: 

1. Disassemble the probe assembly by repeating 
Steps 1 thru 6 under 2.2 above. 

2. Clean the window of the light source using 
compound provided with instrument and soft 
clean cloth. Important: Use cleaning 
compound on the window of the 10. 2 eV·- lamp 
only. The cleaning compound may damage the 
windows of the 9.5 and 11.7 eV lamps. 

3. Reassemble the probe assembly repeating Step 
7 through 12 above. 

3.0 Specific Faults 

3.1 No meter response in any switch position 
(including BATT CHK) 

1. Broken meter movement: Tip instrument rapidly 
from side to side. Meter needle should move 
freely, and return to zero. ' 



2. Electrical connection to meter is broken: 
Check all wires leading to meter and clean 
the contacts of quick-disconnects. 

3. Battery is completely dead: Disconnect 
battery and check voltage with a volt-ohm 
meter. 

4. Check 2 amp fuse. 

5. If none of the above solves the problem, 
consult the factory. 

3.2 Meter responds in BATT CHK position, but reads 
zero or near zero for all others. 

1. Power supply defective: check power supply 
voltages per Figure 4. If any voltage is out 
of specification, consult the factory. 

2. Input transistor or amplifier has failed: 
Rotate zero control; meter should deflect 
upjdown as control is turned. Open probe; 
both transistors should be fully seated in 
sockets. 

3. Input signal connection broken in probe or 
readout: Check input connector on printed 
circuit board. Should be firmly pressed 
down. Check components on back side of 
printed circuit board. All connections 
should be solid, and no wires should touch 
any other object. Check all wires in readout· 
for solid connections. 

3.3 Instrument responds correctly in BATT CHK, and 
STBY, but not in measuring mode. 

1. Check to see the light source is on (See 
Section 2.2). 

2. Check high voltage power supply (See Figure 
4) • 

3. Open end of probe, remove lamp and check high 
voltage on lamp contact ring. 

4. If high voltage is present at all above 
points, light source has most likely failed. 
Consult the factory. 

3.4 Instrument responds correctly in all positions, 
but signal is lower than expected. 
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3.5 

3.6 

3.7 

1. 

2. 

3. 

4. 

50 

6. 

Check span setting for correct value. 

Clean window of light source (See 2.3). 

Double check preparation of standards. 

Check power supply 180 V output. See Figure 
4 0 

Check for proper fan operation. Check fan 
voltage. See Figure 4. 

Rotate span setting. Response should change 
if span pot is working properly. 

Instrument responds in all switch positions, but 
is noisy (erratic meter movement). 

1. Open circuit in feedback circuit. Consult 
the factory. 

2. Open circuit in cable shield or probe shield. 
Consult the factory. 

Instrument response is slow andjor irreproducible. 

1. Fan operating improperly. Check fan voltage. 
See Figure 4. 

2. Check calibration and operation. 

Low battery indicator. 

1. Indicator comes on if battery charge is low. 

2 0 Indicator also comes on if ionization voltage 
is too high. 
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APPENDIX H 

CALIBRATION AND MAINTENANCE OF 
ORGANIC VAPOR ANALYZER (OVA) 
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damiJQinQ !l'le biJ!IefleS. Wl'len lini:Jnea. move 

the ba!lery charger switch to OFF and discon
nect lrom the Side Pack Assembly. 

The following are ap&elal lnatrvctlons relallve to ~~

ler1es which have ~en allowed to completely 

discharge. 
11 has been established \hal the above battery 

recharging procedures may not be sufficient when lrie 

operator ollhe Instrument has Inadvertently tell the IN

STR Switch ON lor a period ol lime without recharging 

and allowed \he battery to completely discharge. 
When this happens and the above procedures lail to 

recharge ll'le baltery, I he following should be ac-
complished: · 

1) Remove the battery from the instrument case. 
2) Connect to any variable DC power supply. 
3) Apply <~O.volts af 1/2 amp maximum. 
4) Observe \he meter on \he power supply lre

quently and as soon as the battery begins 10 

draw current, reduce \he voltage on the power 
supply at a slow rate until the meter reads ap
proximately 15 volls. NOTE: The time required 
\o reach I he 15 voll reading will de pend on 
degree of discharge. 

5) Repeal steps a), b), c), and d) above to continue 
charging. 

2.7.2 DCCHARGER 
a) The optional DC charger is designed to Ooth 

charge the battery and to provide power lor 
operating the instrume!"ll from a 12 volt DC 
source, such as vehicle power. 

b) Connect the DC charger cord to lhe connector 
on the battery cover of the Side Pack 
Assembly. Plug the line cord into the vehicle 
cigarette lighter or other power source connec
tion. 

c) In mobile applications, the DC charger is used 
to supply vehicle power to the instrument. 
Therefore, it may be left. connected at all times. 

2.8 CHARCOAL FILTERING 

When it is desired to preferentially remove the 

heavier hydrocarbons, such as those associated with 
automobile exhaust. gasoline, etc., simply remove tl"'e 
pickup fixture from the end of the probe and install the 

optional charcoallilter assembly. 
This same charcoal filter assembly can be installed 

directly into the Readout Assembly by using 11'\e adapter 
provided. · 

2.9 MOISTURE FIL TEAING 
Filtering ol moisture in the sample is not normally re

Quired, However. when moving in and out of buildings in 

cold weather, excessive condensation can lorm in the 

lines and detector chamber. In this case. the charcoal 
filter adapter can be filled with a desiccant such as 

"Drierite" which will filter out the moisture contained in 
th~ sample. · 

SECTION 3 

SUMMARIZED OPERA nNG PROCEDURES 
3,1 GENERAL 

The procedures presented in this section are intend

ed lor use by personnel generally familiar with the 
operation of the instrument. Section 2 presents the 

comprehensive detailed operating procedures. 

It is ;~ssumed that. prior 10 start up tl'\e position~ ol all 
switche!i and valves are in sl'\ul down conliguration u 
described 1n paragraph J.J. 

3.2 START UP 

a) Move PUMP Switcl'\ IO ON and check battery 
condition by moving the INSTR Switch to tl'\e 
SAn position. 

b) Move tNSTR Switcl'\ to ON and allow live (51 

minutes lor warm-up. 
C) Set Alarm Level Adjust Knob on back ot 

Readout Assembly 10 desired level. 
d) Set CALl BRA TE Switch to X10 position, use 

CALtBAA TE Knob and set meter to read 0. 

e) Move PUMP Swit:h to ON position then place 
instrument panel in venical posilion and check 
SAMPLE FLOW RATE indication. 

I) Open the H2 TANK VALVE and I he H2 SUPPLY 
VALVE. 

g) Depress Igniter Bullen until burner lights. Do 
not depress Igniter Bu.llon lor more than six (6) 

seconds. (II burner does not ignite, let instru
ment run lor several minutes and again allempt 
ignition.) 

h) Use CALIBRATE Knob to "zero" out ambient 
background. For maximum sensitivity below 10 

ppm, set CAUBAA TE Switch to X1 and readjust 
zero on meter. To avoid false flame-out alarm 
indication. set meter to 1 ppm with CALIBRATE 
Knob and make differential readings lrom 
\here. 

3.3 SHU\ DOWN 
a) Close the H2 SUPPLY VALVE and the H2 TANK 

VAL Vt.. 
bJ Move the INSTR Switch and PUMP Switch to 

OFF. 
c) Instrument is now in shut down configuration. 

SECTION 4 

CALl BRA TION 
4.1 GENERAL 

The OVA is capable of responding to nearly all 
oroanic compounds. For precise analyses it will be 
necessary to calibrate the instrument with the specific 

compound of interest. This is especially lrue lor 

materials containing elements other than carbon and 

hydrogen. 
The instrument is factory calibrated 10 a methane in 

air standard. However. it can be easily and rapidly 

calibrated to a variety of organic compounds. A GAS 

SELECT control is incorporated on the instrument panel 
which is used to set the electronic gain loa particular 
organic compound. 

Internal electronic adjustments are provided 10 

calibrate and alion the electronic circuits. There are four 
(4) such adjustments all located on the electronics 
board. One adjuslment potentiometer, R-38, is used to 

set the power supply vollaoe and is a one-lime factory 
adjustment. The remaining three adjustments, R-31, R

J2 and A-33 are used for selling the electronic amplifier 

oain lor each of the three {3) calibrate ranges. Access to 
the adjustments is accomplished by removing the in

strument from its case. Figure 4-1 indicates the location 
olthe adjustments. 

7 
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• 2 ELECTRONIC ADJUSTMENTS 
Pr,mary catibrat,on of this instrument is accomplished 

at the factory using methane 1n a1r sample gases. 

4 2.1 GAIN ADJUSTMENT 
a) Place ,nstrument in normal operation with 

CALl BRA TE Switch set to X10 and GAS SELECT 

control set to JOO. 
b) Use the CALIBRATE ADJUST (zero) Knob and 

adjust the meter readinQ to zero. 
c) Introduce a methane sample of a known con

centration (near 100 ppm) and adjust trimpot A· 
J2 on circuit board (see Figure 4-' for location) 
so that meter reads equivalent to the known 

sample. 
d) This sets the instrument gain for methane with 

the panel mounted gain adjustment (GAS 
SELECT> set at a reference number of JOO. 

e) Turn off H2 SUPPLY VALVE to pul oul llame. 

4.2.2 BIAS ADJUSTMENT 
a) 

b) 

C) 

d) 

e) 

I) 

Leave CAll BRA TE Switch on X'O posilion and 
use CALIBRATE ADJUST {zero) Knob to adjust 
meter reading to 4 ppm. 
Place CALl BRA TE Swi!ch in X1 position and, 
using trimpot R-3' on circuit board, adjust 
meter reading to 4 ppm. (See Figure 4-') 

Move CALIBRATE Switch to X'O position again. 
Use CALIBRATE ADJUST (zero) Knob to adjust 

meter to a reading of 40 ppm: 
Move CALl BRA TE Switch to X'OO position and 
use trimpot R-33 on circuit board to ·adjust 

meter reading to 40 ppm. 
Move CAll BRA TE Switch to X'O position and 
use CALl BRA TE ADJUST (zero) Knob lo adjust 

meter reading to zero. 
·unit is now balanced from range to range. 
calibrated lo melhane, and' ready lo be placed 

in normal service. 

FIGURE •·'· LOCATION OF ELECTRONIC 
ADJUSTMENTS 
(Model OVA-118 ~hown; localion typical to OVA-128) 

a 

}-. •.J CAll BRA TION TO OTHER ORGANIC VAPORS 
•.3.1 SEniNG GAS SELECT CONTROL (Span) 

Primary calibration of the in:!trument is accomplished 
using a known mixture of a specific organic vapor com· 
pound. After the Instrument is in operation and the 
"normal background" is "zeroed oul", draw a :!ample 

of lhe calibration gas into lhe instrument. The GAS 
SELECT Knob on the panel is then used to shill the 
.readout meter lndicalion 10 correspond to !he concen· 
frat ion of lhe calibralion gas.mixture. 

The lnslrumenl is !hen calibrated lor the vapor mix· 
lure being used. Aher !his ;.dlustmenl, the setting 9n 
I he "digidial" is read and recorded for lhjil particu far 
organic vapor compound. This exercise can be perlo.rm· 
ed for a Iaroe variety of compounds and when desiring 
to read a parlicular compound lhe GAS SELECT control 
is lurned \0 the predelermined selling for lhe com· 
pound. Calibralion on any one range automatically 
calibrates the other two ranges. 

~.3.2 USING EMPIRICAL DATA 

Relative response data may be obtained. which can 
then be used to estimale concentralions of various 
vapors. With lhe ins1rumen1 calibraled to melhane. ob· 
lain the concentralion reading for a calibration sample 
of ll'le tesl vapor. The relalive response, in percent, for 
thai tesr vapor would !hen be lhe concentrarion 
read/concentration of lhe calibrated sample X 100. 

·< 4.3.3 
4.3.3.' 

PRE PARA liON OF C.AUBRA TION STANDARDS 
COMMERCIAL SAMPLES 

Commercially available standard samples offer· lhe 
mo"sl convenienl and reliable calibration standards and 
are recommended lor lhe most precise analyses. 
Always remember to obtain the cylinder with lhe 
desired sample and I he "balance as air". Sample 
should be prawn lrom the cylinder into a collapsed sam
ple bag, !hen drawn from lhe bag by the insrrument lo 
prevenl a pressure or vacuum at lhe sample inlet. 

4.3.3.2 PURE GASEOUS SAMPLES 
Obtain a large collapsible sample baQ. preferably 

polyethylene such as a 40 gallon !rash can liner. Insert a 
tube inlo the bag opening and tie shut around !he tube. 
The rubing should have a shut-off valve or plu!J and be 
suitable for connecting !he OVA inpul tube. Determine 
the volume of lhe bag by appropriale means (i.e .. wei
lest meter, dimensions of !he bag, etc.). Forty gallon 
polyelhylene bags provide a volume or approximalety 
14()..160 liters'-. For gas samples. llusn a 10cc hypodermic 
syringe with !he compound 10 be tested and then inject 
a 10 cc sample through !he wall of the air-filled bag. lm
mediarely after wilhdrawing the needle. cover the hole 
with a piece of plastic rape. Allow a lew minutes lor the 

sample lo completely dilfuse throughou!lhe bag. Agita
tion will ensure complete dillusion. Connect the oullet 
lube lo the OVA and lake a reading. To verily 
repeatability of sampling technique. disconnect !he bag 
and inject a s·econd sample or the gas into the bag 
wilhout emplying. Since only 2 or 3 filers will have been 
removed, lhe overall volume change will be small and 
lhe· inslrument reading should now be rwice ltlat of the 



. 

I 
.lonal. The concentrlltion 1n ppm (V/V) will be equatto 

e 5llmple 5ize in· cc divideel by the volume ol 11"1e bag in 

I
rs time5 iooo. For exa.mple, a 10 cc oa5 :sample wl1en 
ced in .t 160 liter bag will provide oa :sample of 5J ppm, 

i . 10 X 1000/160 equals 6J ppm. 

'

J.J GASEOUS AND LIQUID SAMPLES (Alternate 
Method) 

blain a live (5) oalfon ·olass bollle and determine its 
volume by measurinO lhe volume ol water needed to fill 

l
use or a 1000 mf oraduated cylinder. obtainable from 
entilic supply houses. is convenient). Another ap
ach is to weigh the empty bot!fe, fill it with water and 

weigh aoain. The difference between the two values is 
l'le weight of water. By multiplying the weigl1t ol water 

l pounds by 0.455, you obtain the volume or the bottle 
liters. Emply the waler oul and allow the bottle to dry. 
ace a one-foot piece of plastic tubing in the flask to aid 

·n mixino the vapors uniformly with the .air. The volume 

I :such a botlle sl1ould be ab!Jut 20 llter:s, which Is 20,000 
I. II the volume wer.e 20,000 mi. then a 2 ml sample of a 
s plac&d in the bot11e would be equivalent to 200 ml 

per 2 million ml or 100 ppm (V/V). Use of a gas tight syr-

l
oe. readable in 0.01 mf. allow:s the preparation of mix
res in the 1- 2 ppm range, which are sufficient lor the 
antitative estimalion of concentrations. A rubber 

stopper is loosely lilted to the top ot the bottle and the 

f
edte or the syrinoe placed inside the juo neck and the 

opper squeezed against the needle to decrease 
akage during sample introduction. Inject the sample 

into the bollte and withdraw the needle without remov-

J
. g the stopper. Put the stopper in tight and shake the 

. ollie lor a lew minutes with sufficient· vigor that the 

. aslic tubing in the botlle moves ·around to ensure 
oood mixture or the vapors with the air. 

For liquid samples. use of the following eguation will 

l llow the calculation of the number of microliters of 
rganic liquid needed to be placed into the bottle to 

make 100 ppm (V/V) of vapor. ' 

tl equals V2 X Mw/2«D 

I 
V1 - Volume of liquid In microliters needed to make 

an air mixture of 100 ppm (V/V) 
V2 Volume of bottle In liters 
Mw - Molecular weiQht of substance· 
D - Density of !!Ub!ltance 

I This procedure has the advantaoe'that you can see 
hen all of the oroanic liquid has vaporized and the 

olume can be determined readily. 
For liquid samples, an alternate procedure involves 

(

e use of a dillusion dilulion device such as that 
escribed· by Oesty, Geach and Goldup in "Gas 
hromatography". R.P.W. Scott, ed., Academic Press. 

New York, 1961. 

14.4 THEORY 
• Theoretical backoround and empirical data related to 

the Cenlury Oroanic Vapor Analyzer is presented in :
1

4.4.1 and ~.4.2. 

II 

~-~-' HYDROCARBONS 
In oeneroal. a 11yOrooen !lame •oniution detector is 

more sensitive for hydrocarbons than any other class of 
oro<~nic compounds. The re:sponse ol 111e OVA varies 
from compounel to compounel. but gives excellent 
repeatable results with all type:~ of hydrocarbons; i.e .. 
salurated hydrocarbons (alkanes). un5aturated 
hydrocarbon:~ (alkene:s and atkynes) ana aromatic 
hydrocarbon:~. 

The typical relative response of various 11ydrocarbons 
to metl1ane is as follows: 

Compound 
Methane 
Propane 
N-butane 
N-pentane 
Ethylene 
Acetylene 
Benlene 
Toluene 
Ethane 

Relative Ae,pon3e (perc en!) 
100 (reference) 

64 
6t 

100 
85 

200 
150 
120 

90 

4.4.2 OTHER ORGANIC COMPOUNDS 
Compounds containing oxygen, such as alcohols, 

ethers, aldehydes, carbolic acia and esters oive a 
somewhat lower response than that observed .for 
hydrocarbons. This is panicularly noticeable with tl1ose 
compounds having a hiQh ratio of oxyoen to carbon 
such as found in the lower members or each series 
which have only one, two or three carbons. With com
pounds containing higher numbers of carbons, the ef
fect ot the oxygen is diminished to such an extent that 
the response is similar to that of the corresponding 
hydrocarbons. 

Nitrooen-containino' compounds (i.e.. amines. 
amides and nitriles) rt!spond in a manner similar to that 
obser-Ved for oxygenated materials. Halooenated com
pounds also show a Jower relative response as com
pared with hydrocarbons. Materials containing no 
hydrooen, such as carbon tetrachloride. give the lowest 
response: the presence of hydrooen in the compounds 
results in higher relative responses. Thus, CHCIJ oives 
a much higher response than does CCI<. As in the other 
cases. when the carbon to halooen ratio is 5:1 or 
orealer, the response will be similar to that observed for 
simple hydrocarbons. 

The lypical relative respon!le ol various compounds 
to methane is as follows: 

Metl1ane 100(calibration sample) 
Ketone:s 

Acetone 60 
Methyl ethyl ketone 80 
Methyl isobutyl ketone 100 

Alcohols 
Melhyl alcohol 15 
Ethyl 25 
Isopropyl 55 

9 
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Halooen "compounds 

Carbon tetrachloride 
Chloroform 
TrichloroethyLene 
Vinyl chloride 

10 
55 
70 
35 

The OVA has negligible response to carbon monoxide 
and carbon dioxide which evidently, due to their slruc
ture, do not product appreciable ions In the detector 
flame. Thus, other organic materials may be analyzed In 
the presence of CO and C02. 

10 
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I SECTION 5 

SAFETY CONSIOERA nONS 

1.1 GENERAL 
The Models OVA-108, OVA-128 and OVA-138 have 

een tested and cenllled by Factory Mutual Research 
Corporation (FM) as intrinsically ~le lor use In Class 1. 

l ivision 1, Group:~ A, B. C &. 0 ha..zardou:~ atmospheres. 
imilar loreion cenllication:s have .been obtained, in
ludinli) 8ASEEFA and Cerchar approval for Group IIC. 

Temperature Class T~ on the Models OVA-lOS OVA-128 

I
nd. OVA-138. and equivalent approval f'rom the 
apanese Ministry ol Labor lor the Model OVA-128. 
pecial restrictions must be strictly adhered to, to en

sure the cenification is not invalidated by actions of 
operatinli) or service personnel. 

I . All llame ionization hydrocarbon detectors are poten
oally huardous :since they burn hydrooen (H2) or H2 

mixtures in the detector cell. Mixtures of H2 and air are 
llammable over a wide ranoe of concentrations whether 

I n inen oas such as nitrooen (N2) is pre:sent or nol. 
heretore. the recommended precautions and pro

cedures should be lollowed lor maximum safety. Safety 
considerations was a major factor in the desion of the 

r
r~Janic Vapor Analyzer (OVA). 
All _con~ectors ar~ or the permanent type as opposed 

to QUICk dosconnect. To protect aoainst external ionition 
or flammable oas mixtures, the flame detection 

l
chamber has por.ous metal flame arrestors on the sam· 
pie input and the exhaust ports as well as on the H2 inlet 
connector. The standard battery pack and other circuits 
are internally current limited to an intrinsically sale 

l
ie vel. 

. 5.2 OPERATING, SERVICING AND MODIFYING 
It is imperative that operation and service procedures 

l
described in this manual be carefully followed in order 
to maintain the intrinsic safety which is built into the 
OVA. No modification to the Instrument Is p6rmlsslble. 
Therefore. component replacement must be ac· 

I 
complished with the same type pans. 

5.3 ELECTRICAL PROTECTION 
The 12\f battery power supply circuit is current limited 

to an intrinsically sate level. Fuses are not utilized and 

I all . current limitino resistors and other components 
whoch are critical to the 3afety cenification are en· 

capsulated to prevent inadvenent replacement with 
components ol the wrono value or specification. Under 

I no circumstances :should. the encapsula'tion be remov
ed. 

5.4 FUEL SUPPLY c!. TANK 

I The OVA fuel tank has a volume of 75 to 85 cc which 
when filled to the maximum rated pressure of 2300 PSIG: 
holds approximately 5/8 cubic loot ol gas. The fuel used 
in the OVA is pure hydrooen which can be readily pur· 

I 
chased in a hiQhly pure form at nominal cost. The H2 

, tanl<s used in the instrument are made from :stainless 
steel, proof-tested to 6,(X)() PSIG and 100% production 
·tested to 4,(X)() PSIG. 

I 
I 
I 

5.5 H2 FLOW RESTRtCTORS 

Hydrooen oas oains heal when exp.andino and. 
therefore. :should not be r.apidly retea!.ed trom a hoQI"'I 
pres:sure tank to a low pressure environmenl. Flow 
~estrictors are incorporated in the H2 relill lilllno and H2 
IS reslrocted on the output side of the tank by the low 
flow rate conlrol system. In addition. a special !low 
restrictor i:s incorporated in the FtLLIBLEEO valve of the 
hydrooen rlllino hose assembly. These precautions 
limit the llow rate of the H2 to prevent iQnition due to 
sell-heat from expansion. 

5.6 DETECTOR CHAMBER 
The OVA has a small flame ionization chamber cavity 

with sintered metal flame arre3tors on both tne onpul 
and output pons. The chamber is ruooedly constructed 
of teflon .such that even if hiQhly explosive mixtures ol 
H2 and air are inadverlenlly created in the chamber and 
ignited, the chamber would NOT rupture. 

5.7 H2 FILLING AND EMPTYING OPERATIONS 
Precautions should be taken durino H2 lillinQ or H2 

lank emptyino operations to ensure that there are no 
source' ol ionilion in the immediate area. Since tne in
strument tank at 2300 PSIG holds only 518 cu. 11. ol H2. 
the total Quantity, if released to the atmosphere, would 
be Quicl<ly diluted to a non-llammaDie level. There is.· 
however, the possibility of oeneratino llammable mix
tures in the immediate vicinity of the instrument durino 
the fillino or emptyino operations il normal care is not 
exercised. 

5.8 VENTING 
The OVA case is vented to eliminate the possibility ol 

trappino an explosive mixture of H2 and air inside the 
case. 

11 
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I SECTION 6 

I AINTENANCE 
GENERAL 

This section describes \he routine m.alntenance 
schedule recommended and provides procedure' lor 

f
uble snooting malfunctions or failures In the lnstru· 

ent. 
Appendix "A" to this manual contains the assembly 

drawings ~nd as3ocl~ted parts list lor the Side Pack 

f
sembly ~nd two m.ajor sub.assemblies; the Electronic 
mponent As3embly .and \he Cylinder A3sembly. 
ese drawings and pans lists may be used for locating 

.and identilyino componenrs. Al3o included In Appendix 
"A'' is .a schematic wiring diagr.am showing intercon-

l cling wirino between major electronic assemblies 
d typical signal levels at selected points on the cer· 

\iliad instruments. The enclosed drawlnos and parts 
lists are subject to change without notice and pan 

'

placement on any cenilied instrument should be 
rilied to comply with the "no modifications permit· 
d" requirement. 

I 
I 
I 

CAUTION 
Maintenance personnel should be lhorouohly 
familiar with Instrument operation before perlorm
ino maintenance. II is essential thai all portions ol 
this manual relating to sal ely of operation, servicing 
and maintenance, including Section 5, be 
thoroughly understood: There sho-.Jid be no poten-

,------

tlal igniters or ltame In tne uea when lilting, empty· 
tno or puroino tne nydrooen system and the in3tru
ment should be turned oil. 
Extreme care snould be exerciHid to ensure that 
required parts replacement Is accompllsned with 
lne same pans specllled by Century. This is 
especially necessary on tne Models OVA-108. OVA-
12& and OVA-138 In order that their cenilic.ation lor 
use In ha..zardous atmospheres be maintained. No 
modillcallons are permitted. Disassemble instru
ment only In a non-hazardous atmo,phere. 

6.2 ROUTINE MAINTENANCE 
Note that Fioure &-1 is a llow diagram ol the basic gas 

h.andlino system. 

6. 2.1 FIL TE.RS 
6.2.1.1 PRIMARY FILTER 

This lifter is located behind the sample Inlet connec
tor (Filling Assembly) on the Side Pack Assembly and is 
removed for cleaning by using a thin wall socket to 
unscrew the Fillino Assembly. The litter cup, "0" ring 
and loading sprino will then come out as shown in the 
Side Pack As,embfy drawino in Appendix "A". The 
porous ~tainless filler cup can then be cleaned by blow
lno out or washino in a 'olvenl. II a solvent is used. care 
should be taken to ensure tnat all sot"vent is removed by 
blowing out or heatino the filter. Reassemble in reverse 
order ensuring \nat the "0" ring seal on lhe Filling 
Assembly is intact. 

--------~--, 
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6.2.1.2 PARTICLE FIL TEAS 

I 
A ~nlcre filter is loc~ted in e~ch pickup fixture. One 

of these fillers must be in the sample line whenever lhe 
instrument is in use. The Models OVA-88 and OVA-138 
use a disposable cellulose filter which should be chano
ed as often as required. The Models OVA-98. OVA-108. 
OVA-118 ~nd OVA-128 use a porous metal filter which 
can be replaced or cleaned u.sino the cteanino pro
cedure in paraoraph 6. 2.1. 1. 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

6.2. 1 .J MIXER/BURNER ASSEMBLY FIL TEA 
Another porous metal panicle litter is incorporated in 

the Mixer I Burner Assembly which .screws into the 
Preamp Assembly. See Side Pack Assembly drawino. 
This filter is used as the sample mixer and Inlet flame ar
restor in the chamber. This filter should not become 
contaminated under normal conditions but can be 
cleaned or the assembly replaced if necessary. 

Access to this filter lor output surface cleanino is 
oained by simply unscrewino !he exhaust pon from the 
Preamp Assembly without removino the instrument 
!rom the case. The OVA-108, OVA-128 and OVA-138 in
struments require removal of"the safety cover prior to 
unscrewino the exhaust pon. The Filter Assembly can 
now be seen on the side of the chamber (Preamp 
Assembly) and can be scrapped or cleaned with a small 
wire brush. 

II filter replacement is required, install a new or lac
tory rebuilt Mixer/Burner Assembly. In several OVA 
models, this requires removal or the ·Preamp Assembly. 

6.2. 1.4 EXHAUST FLAME ARRESTOR 
A porous metal flame arrestor is located in the ex

haust pon or the detector chamber (Preamp Assembly). 
See Side Pack Assembly drawino. It acts as a panicle 
litter on the chamber output and restricts loreion malter 
from enterino the chamber. This litter may be cleaned, it 
required, by removino the exhCKJst pon from the 
Preamp Assembly. The exhaust pon is removed from 
the bottom of the case without case removal. Note that 
the filter is captive to the exhaust pon on the Models 
OVA-108, OVA-128 and OVA-138. Clean the filter with a 
solvent or deteroent but ensure that it is dry and any 
solvent completely baked out at 120"F before reinstall
ino. 

6.2.2 PICKUP FIXTURES 
The pickup fixtures should be periodically cleaned 

with an air hose and/or deteroent water to eliminate 
loreion panicle matter. II a solvent is used. the fixture 
should be subsequently cleaned with deteroenl and 
baked out at 120"F to eliminate any residual hydrocar-

I . bons from !he solvent. 

.I 

.I 
~I 

6.2.3 SEAL MAINTENANCE- CYLINDER ASSEMBLY 
6.2.3.1 H2 TANK, H2 SUPPLY AND REFILL VALVES 

After some time. the teflon washers under each valve 
packino nut can '"cold flow'" (move with pressure) and 
allow hydrooen to leak. Leakaoe can be determined by 
u'ino Leak-Tee, Snoop or a :soap :solution around !he 
valve stems. Thi' leakaoe can usually be stopped by 
tiohtenino lhe compression nut (adapter) as outlined 

below. See Side Pack Assembly and Cylinder As:semcly 
Clrawinos. 

1) Remove instrument from the case by untockino 
the lour (-4) 1/~ turn fasteners on the panel ~nel 
removino the exhausl safety cover (if included). 
exhaust por1 and refill cap nut. Be sure refill 
valve is closed before removino refill cap nut. 

2) Remove the valve knob screw and knob. 
J) Loosen the panel nut with a JJ•'" wrench. 
•J The valve compression nul is located just under 

the panel. Tiohten the compression nut
usually not more than 1 /•turn. 

This compression is aoainst soft material and only a 
small amount of Ioree is necessary to sufficiently 
compress the teflon washers. tr. after "tiohtenino. 
teakaoe still occurs. it would be advisable to 
replace the two teflon washers. as follows: 
1) Drain hydrooen system slowly and to the extent 

necessary to work on the leak.ino valve(sl. 
Obsef'le safety precautions (see Section 5). 
There should be no potential iQniters in the 
area. 

2) Disconnect the capillary tube from lhe manifold 
allow pressure oauoe (H2 Supply Pressure). 

J) Remove all three (J) knob screws and knobs. 
4) Remove the three (3) panel nuts and washers. 
5) Carefully remove the tank assemtlly from the 

panel. NOTE: If OVA has GC Option installed. 
the GC valve assembly must be loosened or 
removed in order to remove the tank assembly 
from the panel. 

6) Remove the compression nut on \he valve that 
is not sealing properly. Remove the stem by 
unscrewing it from the valve body. Observe the 
sandwich of metal and teflon washers and note 
their order. 

7) Visually check the Kei-F seat on the stem tor 
cracks or loreion material. Wipe clean. if 
necessary, with a lint free cloth (no solvents or 
oils) and replace il damaoed. 

8) Remove the washers and replace the teflon 
washers (the lac1ory procedure is a Jioht wipe 
of hydrocarbOn tree silicone orease). 

9) Replace the stem assembly in the valve body 
and tiQhten tightly. 

10) Push the washers Clown into the compression 
area in the same order as noted upon removal. 
Replace the compression nut and tighten snug
ly. 

11) Close the low pressure valve and lilt the tank 
assembl/. Check valves for leaks. Tionten 
aoain. if necessary, and reassemble the unit. 

6.2.3.2 REFILLER VALVE PACKING ADJUSTMENT 

Adjustment lor the valve on the refilter can De made 
by loosenino the set scre·w with a 3/32'" hex key. so that 
the handle turns freely on \he stem. lnsen two (2) J/32"" 
hex keys throuoh ·the holes provided in I he handle and 
turn until they enoaoe the holes in the packino adjuster. 
Then tfQhlen lhe packino by lurnino the handle. 
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6.2.4 AIR SAMPLING SYSTEM MAINTENANCE 

1
6.2.4. 1 GENERAL 

A potential problem associated with the OVA instru
ment is that leaks can develop in the air sample pump
ing system. These leaks can result in either dilution or 

I 
loss ol sample. causing tow reading of vapor concentra
loon and slow response time. 

6.2.4.2 TESTING FOR LEAKS 
The OVA'~ are equipped with a flow gauge, which 

I provides a method to check lor air leaks. Assemble the 
pickup probe selected lor use to the readout assembly 
and then position the sidepack venically so the flow 

· Jgauge rr:ay be o~served. Cover the end of the pickup 

I· probe woth. your fonoer and observe !hat the ball in the 
flow gauge_ goe~ to the bol\om, indicatino no air flow (il 
ball has sll9h1 chaMer while on bollom. this is accep
table). Cover the center of the <..hamber exhaust pon 

I with your thumb and again observe the ball going to the 
bollom. Another simple check is to expose the pickup 
probe to cigarette smoke or a light ..:apor (butane! and 
observe that the meter responds in approximately 1.5-

1
2.0 seconds. II ~hould oe noted that slow meter 
response may also indicate a restriction in the air 
samplino system. 

I 
I 
I 
. I 

I 

6.2.4.3 LEAK ISOLATION 
Failure of the ball to go to the bollom .,;..hen the inlet is 

blocked indicates a leak in tt'le system between the pro
be and \he pump inlet or the inlet check valve. To isolate 
the problem, remove pans. one at a time. ·and again 
block off the air inlet. Remove the pickup probe(sJ and 
cover the air inlet at the Readout Assembly. If the ball 
ooes to the bottom. check that the "readout to probe" 
seal washer is in place and replace the probes. holding 
them back against this seat while tightening the nul. 
Recheck, and if reakaoe is still present, it is probably in 
the probe (pickup fixture). which should be repaired or 
replaced . 

II leakaoe is indicated as beino past the readout han
dle when the connection to the sidepack is tight, 
di3connect the sample line at the littino on the sidepacl< 
and cover this inlet with your linger. II the flow gauge 

Dall ooes to the Dot tom, tl'le problem snoulel De a leak in 
!he umDilical coro/Readoul ABembly, wnich should De 
onvesl•oated and repaired. There is also the possibility 

·of a leakono check valve in tn_e pump whicro would nor 
sroow up on tl"1is rest. II~ leakaoe is not found in the 
umDilic<~l cord, it is most likely In the pump check valve 
whicn should De repaired or replaced. 

If the ball does not oo 10 the bottom, the reak will be 
eorher in !he llow oauQO or ll's connecting rubino.· 
Vosually cl"1eck !hal rhe tubino is connected and il so. 
the llow oauge should be repaired or replaced. Check 
the "0" ring installation in ihe sample inlet connector 
(Filling Assembly). 

As an arternare approact'l. leaks on the inlet side ol 
the pump can be derected by using alcohol on a "0" Tip 
and lightly swabbing lhe connections one ar a time or by 
directing ·organic vapor or smoke at rhe potential 
leakaoe points and observing the meter response or 
audible alarm. 

Leaks (beyond the pumoJ are easier ro locate. as any 
or the co_mmercially available leak derection solutions 
can be used. Cover the exhaust poll, which will place 
the exhaust system under pressure, and check eact\ 
connecrion, one at a time. Replace the teflon tubing or 
retape the tnreaaed conneclions with tellon joinr rape. 
Check the igniter and Mixer/Burner Assembly where 
they screw into the dete<:tor. the high voltage terminal 
screw on lhe side ol lhe Mixer/Burner and exhaust port 
itself. II aher these chec'>-5. lhe flow gauge ball still will 
nor go to the bollom with rhe exhaust blocked. the pro
blem is likely a leaking exhaust check valve in the 
pump, which should be repaired or replaced. · 

6.2.5 C 0 NT AM IN AT I 0 N C 0 NT R 0 L AND 
MAINTENANCE 

6.2.5. 1 GENERAL 
On occasion. the background reading or the OVA may 

be relatively hiQh under normal ambient conditions. Am
bient backoround readings will vary somewhat depen
ding on the oeographicallocation where the instrument 
is being used. However, the background reading nor
mally :~hould be in the range ol J to 5 ppm as methane. 
The acceptable background readino consists ol 1 to 1-

t /2 ppm ot methane whicl'l is present in the normal air 
environment. In addition to the measurement ol a nor
mal methane background, there will normally be 2 to 4 

ppm ol equivalent methane background caused by ac
ceptable levels of contamination in ltoe hydrogen fuel 
and/or hydrooen luel handlino system resulting in a 
Iota! equivalent methane reading of J to 5 ppm in clean 
air. 

II the backoround readino goes above 5 ppm to 6 or 7 

ppm, this is normally ~till acceptable since any 
measurement is additive to thai background reading. 
i.e .. 2 ppm on top ol 5 or 2 ppm on top ol 7 provides the 
same di If er enti al reading. however. the lower 
background is obviou31y d-e"sirable. 

Troe background readino on the linear OVA's is 
zeroed out or nulled out-even though in reality troe 
background still exists. The background reading on the 
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linear OyA·s is mea:sur&d by zeroino the meter wllh the 
flame out and notino tile meter Indication af1er tile lfame 
i:s on. However, on tile looarlthmic :scaled OVA's the 
~ckoround readino is observed on the meter at all 
time:s. This is conlidered de:sirable since II a:s:sure:s the 
operator that tile instrument Is. in fact, operatino pro
perly. The backoround readino on the OVA's ser.-es as 
a tow level calioralion point since it does represent the 
mea:surement of ambient levels of methane In the air, 
which are extremely stable and pre<lictable any place In 
the world. 

The cause for a hioh backoround readlno is usually 
as:soclated with contamination in the hydrooen fuel 
:system. This will, of couf3e, cause a backoround 
readlno since this is lhe function ol the ba:sic detector 
"to measure contamination enterlno the detector 
cllamber". In addition. contamination present in the 
hydrooen will many limes leave a small unob:servable 
depo:sit on the burner lace which can continue to 
oenerate a backoround readino when the detector is in 
operation and the burner assembly i:s heated. 

Anotller possible cause of contamination is lhe mix
er/burner a:s3embly when the contamination is trapped 
in the porous bronze :14mple filter. This is not a common 
problem and usually only happens when an unusually 
hioh level of contaminant is drawn into the as.sembly. 
Another pos:sible cause of hioh backoround readlno is 
contamination someplace in lhe air ::14mple line to the 
detector. This is also uncommon bu: can be the source 
of the problem. 

NOTE 
OVA's I hat include the Chromatooraph Option in
stalled can also have an indication of hioh 
backoround related to s.aturation or contamination 
of the activated charcoal filter. which is in the ·line 
durino cllromatooraph analy:sis, or of the column 
which i:s in the hydrooen line at all times. 

6.2.5.2 ANALYSIS AND CORRECTION 
Prior to analyzino lhe problem, the OVA should be 

checked lor proper electronic operation.· Check 
looarithmic instruments for proper hioh and low calibra
tion points and lor proper oas selector operation (see 
Section 4). On looarithmic OVA's, check Gas Selector 
by turnino lo 5CO and observino the flame-cut alarm 
comes on as the needle ooes below 1 ppm. It should be 
ensured that the instrument is calibrated to ·methane as 
referenced. 

II. alter checkino that the OVA is property calibrated, 
the backoround is still hioher than normal lor ambient 
conditions. the followino procedure should be followed 
to isolate the c.ause of the problem. 
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1) Let lhe OVA run tor a period of time (15 to 30 
minutes) and see if the background level 
decreases as a function of time. The 
backoround could oo down and stay down as a 
re:sull of cleartno line contamination which Is 
removable simply by the normal flow ol sir 

2) 
throuoh the sample line. 
Take a readlno in a known, relatively clean air 
environment. Normally, out:slde air environ-

J) 

~) 

5) 

6) 

7) 

mentIs clean enouoh to a:s:se:s:s by comparison 
whelher the backoround reading Is internal to 
the Instrument or l:s pr&:sent In the laboratory 
office or location where the ln.strumentt:s beinQ 
used. 
lltl"'e OVA lnclude.s the Gas ChromaloQraph Op. 
tron. depres:s lhe aampfe Infect valve so that the 
activated charcoal l:s In the iine and ob:~er.-e 
·whether the backoround reading ooes Clown 
and :stays :steady atler lhe elution ol tl'le air 
peak. The reading :should alway& go down or 
:stay the :same but never be 11 higher 
background readino with the .sample valve 
depre:~:sed, :~ince the charcoal filter will take 
out any trace elements ol organic vapors in lhe 
air heavier than a C2. If another activated char
coal litter is available, this may be attached to 
the end of the probe to "crub the air so thai a 
clean air sample would be ooino to the detec
tor. The external activated charcoal can be us
ed on any instrument, wtth or without 
chromatooraph, lor providlno a clean air sam~ 
pie to assess background level. 
II backoround still stays up and cannot be 
reduced by any of lhe previou:s sleps, the safe
ty cover (If included) and the .exhaust port on 
the detector chamber (Preamp Assembly) on 
the t>ottom of the ca:se should be removed and 
the Mixer I Burner As:sembly :scraped or brush
eo with a :small wire brush. (Reference 
paragraph 6.2. 1 .J.) This will remove any small 
quantities of contamination that are on the Mix
er/Burner Assembly which could be the source 
of the background vapor. Aher cleanino the 
lace of the burner and tube, replace the ex
haust port and safety cover (if included) and 
reionite the OVA. II contamination on the 
burner lace was the cau:se, the problem should 
be immediately resolved and the ambient 
background will drop to an acceptable level. 
If the background is "till presenl, place your 
finger over the inlet of the probe so as to 
reduce the flow of air to lhe detector chamber. 
Reduced flow rate may be observed either on 
the sample flow oauoe or can normally be 
observed by the sound of the pump motor. 
II the background drops immediately In 
response to the reduced flow of air to th.e 
chamoer. this is an indication that the con
tamination i:s in the air sample tine. Therefore. 
the various parts ol the sample llow line such 
as pickup probes, umbilical cord to the instru
ment. etc., should be investioated by the pro
cess of elimination to see if the contamination 
can be isolated. 
Serious contamination in the air sample line is 
very uncommon. However, il very Iaroe doses 
of very heavy compounds are sampled, there i:1 
a po:ssibillty of a residual contamination wnich 
would eventually clear Itself out but may take a 
considerable period of time. A typical cau:se lor 
the hioh backoround from tne sample line is a 
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conl;am.inaled Mixer/Burner Assembly. See 
par;aoraph (~) abov.e for cleanino procedure If 

heavy conlamination of the Mixer/Burner is :still 
indicaleo by a nigh background. replace the 
Mixer/Burner Assembly. In several ·OVA 
mo<:lels, thiswill reQuire removal ol \he Preamp 
A:s3embly. The old Mixer/Burner Assembly 
should be eilher di3carded or returned to the 
factory for cleanino and rebuilding. 
In the evenl there is contamination in !he pump 
or other internal pans ol lhe sample flow lines 
which cannot be ·removed, the sample flow 
components would have to be disassembled 
and cleaned. This is normally a factory type 
operation. However, \he components such as 
I he pump can be replaced in the lield along with 
any contaminated tubino in the sample lines. 
High background readings on OVA's which in-
clude the Gas Chromatograph Option can be 
caused by other sources of contamination. If 
the charcoal in the charcoal filler mounted on 
the panel or the instrument is contaminated or 

saturated, contaminated air would be supplied 
to the detector and raise the ambient level 
background. To check lor this, the charcoal 
filter canridoe can be removed !rom the panel 
and either a bypass tube put between the two 
connectors or the charcoal can be removed 
from the charcoal canridoe and the canridge 
refilled with clean activated charcoal. This 
would determine if the charcoal wa:s \he source 
of the background reading. II is possible that an 
apparent hioh backoround reading could be 
due to contamination in the column that is on 
the instrument. This background could be 
caused by compounds that are slowly eluting 
from a column which has become con
taminated. The easiest way to check for column 
contamination is 10 replace the column with a 
known clean column or a shon empty piece of 
column lubino and see if the hiQh backcround 
reading drops. 
If all the above steps do not correct the high 
backoround problem, the cause will normally 

I 
be contamination in the hydrogen l~el system. 

Contamination in the hydrooen fuef system is usually 
'")e direct result of contamination in the hydrogen gas 

sed or contamination inlrcx:luced durino the filling 

l eration. Fillino hose contamination can be caC"sed by 
oring the hose in a contaminated area. 
To remove contamination from the hydrogen luel 

ts\em, it should be pureed with hydrooen. Elfective 

l roino of the hydrooen system is accomplished by 
sconnecting the capillary tube lilting which attaches 

to the manifold block which has \he tow pressure 

auce (H2 Supply Pressure Gauoe and H2 Supply 

l ive). Thi:s disconnects the capillary tubing !rom the 

drogen line :so that hydrogen may be purged at a 
asonable rate from the tank ·as3embly lhrough the 

~oulator:s, oauoes and valves. Aller disconnecting the 

. fpillary. the hydrooen tank can be filled in the normal 

·I 

moanner. The toank valve and H2 supply valve can then be· 

opened whoch will bleed lhe hydrooen !rom the lank 

lhrouoh lhe H2 fuel 3y31em puroing out the contoamona
tion which is in vapor lorm. There is troe po:s:sibilily ll'l<al 

contamonoa!lon roa:s been intrcx:luced into troe hydrooen 
luel ~yslem which i~ not readily puroeo out by the 

hydrooen 035 but this i:s unlikely. Aher puroino will"! 
clean l'lydrooen, appro~imately two or lhree times. lhe 
capillary lube should be reconnected and the 
b.!lckground again checked. Five or len minutes shoul6 

b·e allowed be/ore a:s:se:s:sino l.he background reaoino. 
since contaminated hyorooen may still have been 1rap. 
ped in tne capillary lube. 

II another tank assembly in a clean instrument is 
available. lhe fuel :system from lhe clean instrument can 
be connecled to the contaminaled ins1rumen1 10 ab· 
:solulely v~rily that it is or is not in the hydrooen fuel 

supply system. The interconnection should be made to 
the capillary lube olthe con laminated inslrument. 

6.2.6 FUSE REPLACEMENT 
This paraoraph applies only to lhe slandard (non

cenified) OVA's. There are two (2) overload !uses in

corporaled in the Ba:tery Pack Assembly, one is a JAG-
1 AMP Slo-Sio in lhe power line to the pump and igniter 
and !he other a 3AG-1 /4 AMP in the power line to the 
electronics. Bolh fuses follow the current limitin9 
resislors which provide primary shon circuit protection. 
However. in the event of an excessive overload, the 

fuses will open and prevent overheating ol the current 
limitino resistors. It should be pointed out that the 1 
AMP Slo-Blo fuse will blow in approximately 8 to 12 
seconds if the igniler switch is kept depressed. Normal 

ionition should take place in not more than 6 seconds. 
Therefore. do not depress iQniter button for more than 6 
seconds. IJ ignilion does not occur, wait 1 to 2 minutes 
and try again. If the reQuired 1 AMP Slo-81o ruse cannot 

be readily obtained, replace temporarily with a 3 AMP-3 
AG standard fuse. 

6.3 TROUBLE SHOOTING 
Table 6-l presents a summary of recommended field 

trouble shootino procedures. If necessary, the instru
ment can be easily removed from the case by unlocking 

the four (A) 1/4. turn lasleners on the panel lace and 

removing the refill cap and exhaust pon. The battery 
pack is removed by taking out the four (A) screws on the 

panel and disconnectino the power connector at the 
battery pack. 

6.4 FACTORY MAINTENANCE 
To ensure continuous trouble-free operatiol). Century 

recommends a periodic factory maintenance, overhaul 
and recalibration. The recommended schedule is every 
six (6)to nine (9) months. This maintenance prooram in

cludes replacement of plastic seals and par1s as re

Quired, pump overhaul, motor check, new batteries. 
sample line cleaning, H2 leak check, recalibration. 

replacement of pla.slic hose as required. and detailed 

examination of the unit for any other requi-red 
maintenance and repair. 
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The recomn.ended procedure for maintenance and 
repair beyond l1'1e scope of this manual Is to send the 
complete Instrument or suDa33embly to the Century 
factory for repair,. The a3semblfe3 will, be handled ex· 
pedflfou,ly for rapid turn-around. 

11.5 FIELD MAINTENANCE 
Afthouon nor recommended, where field 

maintenance beyond that described herein Is con· 
sfdered essential, the a3sembly drawtnos. pans lists 
and schematics in Appendix "A" will be of a3sistance. 

6.6 RECOMMENDED SPA.RES 
Century does not recommend that spares be main

tained for Its Instrument:~. However, If the in:~trumentls 
to be u:~ed In a remote area or spares are desired for 
other reasons, the followino 1131 should be used a:~ a 
ouide. 

RECOMMENDED SPARES 

Item Description Part No. 

1 Ion iter 510027-1 
-2 Ionlter )10461-l 
3 Pumo Valve 5100 6 7- J_ (_1._0 /P k. a . l 
4 Pump D1aohraam (Buna-N) 510091-1 
5 I Pumo D1aohraam (Teflon) 510063-1 
f> Cuo, f:._lte:: (J/1::! 00, SS) 51()_Jll::!-1 (5/pk.q.) 
7 Mixer/Burner Assv 510557-2 
8 Mlxer/Burner Assv 510557-1 
9 ~xer/Burner Assy 5105.1.3 .1. 

10 Wafer, Teflon, H2 Valve 510160-l ( 10/ok.q.) 
ll Washer, Brass, H2 Valve 510160-2 ( 10/pk.g.) 

12 Ex..~ au s t Port. ASSV 510425-l 
_1_3 Exhaust Port Assv 510530-l 
_1_4 Batte::y Pack Assv 510070-l 
15 Batte::v Pack. Assv 510542-l 
l6 Samo1e L1ne ASSV 5l_Q_Jl6-1 
17 Part1c1e Fll ters 510114 -1 
18 Part1cle F::.lters ::>10116-1 

NOTE: Unit qua~tity is each unless otherwise noted. 
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TROUBLE 
IJ Low 3ampre flow ,.,., on llow lndlc~lor. 

Nominally 2 unll> on flow o•uoe. (See ai>O 6 
below and rotor 10 paraorapn 6.2.4} 

2} H2 !lame will not lloht. (See al>o 6 below} 

- - - - - -
TABLE6-1 

TROUBLE SHOOnNG PROCEDURE 
a} Check primary IIIIer In Jldepack •nd p~tllcle 

fillers In lhe pickup ••••mt>ly. 
b} Oalermlne a>oembly conlainlno re>lrlcllon by 

proce>> of ellmlnallon, I.e., remove probe, 
remove Aeadoul A>>embly, remove primary 
IIIIer. elc. 

c} If llle re>trlcllon I> In the Side Pack A>oembly. 
lunher l>olale by dl>connecllno !he >ample 

llow lublno al varlou> poinu. I.e., pump oulpul. 
chamber Input. etc. 
Nole: The lnhorenl re>lrlcllon> due lo lenolh ol 
)ample lln4f, ll.ama ,atro:siOf3, ale .. mu:sl be 
Ioken lnlo accounl when !rouble >hoollnQ. 

a} Check >ampfe llow rale (>ee 1 above I. 

b) Check tonlter by removinQ lhe chamber ex· 
hau:sl oon .and ob:sef'l'inq 1ne Qlow wnen lhe IG
NITE Bullon is depreS>ed. 

c) Check lor rated H2 Supply PreHure. (li,eo on 
c~libr~tion plate on pump Oriickel.) 

d} Check H2 llow role by Obser.ing lhe PSI 
Oecrease in pre:SS\HB on lhf! H2 Tank. Pre,sure 
oauge. The llow lOIII should be aboul 1)0 PSI 
Clecreas& in pre:ssure per hour. (Approxitn.;a~efy 
12 cc/mrn. al delector.} 

- - - - -
REMEDY' 
Aoptaco or clean IIIIer If ctoooed. (See paragroph 8.2.11 

lnve:sllg•l& the .a3:semOiy cont.alntno lhls re:atrlcllon lo 
determine ca\.ue of blockage. Clean or replace a:s , .. 

quired. 

I~ in Ute de lector cl"'o~mOtH. remove and clean or reol.ace 

poroul met~lll~me 1rre:s1or:s. U pump i:s round 10 be tne 

problem, remove ana clean or replace. 

II >•mote flow rale i> low.lollow proceduro 1 at>ove. 

II iQniter datu not liQhl uo. reolac• the oluQ. II iQn•ler 
s1111 doe, nolliQnl. cneck. UHt b.JIIery a no wH•nQ 

II low. remove oauery p~ck and oOjvs1 10 orooer tevtl t>• 
turn1n9 the 11lfen wrencn aa,uscmen• an •ne 10._ 

pte:SlUie I~QulaiOI C.JO. 

The normal cause lor H2 no- re,utcuon would De ~ 

btockeCJ or panially OIOckecJ cao,llary 1uoe. II How '~'t'.•S 
matQtn~lly low. anemo1 to comoentale by .ncrt.as•nQ 
11'\e Hl Suoply Pre»ure by one-noll or one PSI. If lfo
rale c.anno1 De compensa1e0 for. reo•acr c:aoa111ry lvO· 

On in:suument:s with GC Option, disconnect col· tnQ. 

umn and measure H2 flow r~le w<lh • buoble 
meier. 

el Check all H2 plumotno lolnl> lor look> u'"'Q 
soap bubble solullon. Also. shu I oil all valves 
and no1e pre»ure decay on H2 lank gauge. II 
•houra be re., fhon JSO PSIG per 1'\our. 

I} Check 10 see il H2 >upply sySfem is lrozen up 
by Ukino unit lnlo a warm ilfO~. 

Rep"'' te~kino join\. 

ll!rlere iJ mO•JIUrl!l in 11'\e H2 'upply )yJiem 1n0 1ne un•l 

mu)l be opor~ted in Jublreet•nQ 1emper1tore1. purQe 

lhe H1 sy:11en• w1lh dry N2 lnd en~ure U'le H2 Q3J used 
is dry. 

- -
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:i1 H2 !rome lights Oul will nor Slay lighlecJ 

I 

41 Fl•me·oul alarm will nol go on when H2 !lame is 
OUI 

~~ Farse Ill me-our alarm. I.O.pphes 10 hnear OVII.'sl 

61 Slow response time. i.e .. hme 10 oorain 
re>oonse olrer umple os •ppltecJ ro onpul. 
IAeler 10 oor•groph 6.2 41 

- - - -- -
g) Aemo~e exhausl pon and check lor conramlna

lion. !Se~ Figure &-2.) 

h) Chec~ spaclno belween collecllng elecltooe 
ancJ llurncr lip. Spocono shoulo oe 0.1 10 0.15 in
ches. 

a) Follow procec!ures 2 (al. ICI. lcll. lei. (gl and(hl 
abo~e. Mso reler 10 ~ oerow. 

al Chec~ inslrumenr callbr~lion selling 01ncJ GAS 
SELECT con11ol sellong. Reier 10 paragraphs 
2.3.1.2 ancJ 2.3.2. 

bl Remove exhau51 potl ano chec~ lor leakoge 
cuttenr palh tn crumtler (CHObiOiy ·mots lure or 

Cltn on Chamt>el). 

C) II at>ovr procedures oo not resolve the pro
lllern. 1ne problble cause is a m•llunct•on in 
lf'le orc~mo or pow~r ooarCJ assemblies. 

01 Check volume conlrol knob Is lurnecJ up. 

a) Fl~me-oul alarm is actuated on linear in
SIIum.enls wnen sipnal poes Oelow eleC(rOntC 
zero le•enrhough llome is sllll oM. This canoe 
au~ 10 onaccurare initial selling, cJrill or • 
decrease In amboenl concenlraloon. Verily II 
lhls Is lhe problem by zeroing me1e1 with ll1me 
ouland reignlling. (See paragraph 2.3.21 

a) Chec~ 10 ensure lhal prooe Is lirmly searecJ on 
lite rubber seal in lhe reacJoul assembly. 

b) Chec~ sample llow rale per procecJure 1 abov~. 

- - - - - -
If lhe chamber is diny, clean wlltl elllyl alcohol and Clry 
by running pump lor approximalely 15 monules. II H2 
luel jel is mis~ligned. ensure tne porous m~uiiiAme ar
resror is pro.perly sealed. 

Adjust Oy screwing Mi•er/Burner Assembly in ot out 
Thos spacong proorem Should onry occur arrer 
te.asscmbl•no .a Mixer/Butnet Assembly JO ' Ptramo 
A.ssemory. 

ReacJjusl as requuecJ 10 proper selling. Nore lhll on 
hneor OVA's lhe llame·oul alarm is aCiualeCI when \he 
me1er reaoing ooes below zero. On 1ogo111hmoc OVA's. 
lhe alarm os aclualeCI when rhe sognollevergoes below 1 
ppm me111ane or eQuivalent. 

Cleo~n contam•n111on and/or moisture lrorn the chamber 
us•ng 1 sw10 1nd alco,.,ol. dry chamoer by runnii"'\Q 
pump lor ~pproxit:1.alcly I~ minures. 

Return pre•mn chamber or power ooaro as.semt>ly to 
I he 11c1ory lor repalt. 

Ad1u:11or des~reO volume. 

When usong lhe XI ronoe. adiUSI meier 10 I ppm ralher 
lhon zero. See paragraon 2.3.1. Be sure onsrrumenr nas 
ocen ztuoed 10 ··•o-est eroect~d .amb1en1 Dack"rouna 
level". 

Re •ell by hOICiing I he prooe lormly apaonst rne ruooe• 
se~t Jnd Jhen lock in posilion witt\ tne t.nurtea JocJung 
nul. 

See 1 •oo~e. 

- -
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71 Slow recovery lime, I.e., 100 lono a lime lor !he 

roaellng lo gol back 10 ambient alter expolure 
lo .a hiQh concenu.allon ol organic vapor. 

a) Ambient bicxorounel ra•OinQ In clean environ· 
mont Is too TIIQh. (Reier to p.araqraph 6.2.5) 

91 Pumo· will nor run 

101 NO oower 10 electronics 0\JI pump runs 

11 J No power 10 pump or ctectron•cs 

- - - - -
.a) This problem is normally caused by conramln.a· 

lion in the sample input line. reQuiring pumping 
lor .a lonq period 10 gel the 3yslem clean ol 
vapor3 again. Charcoal in lhe line' would be tho 
wo"l lype ol conl.aminallon. l5olale through 
I he proce,. ol ollmlnallon. (See I IIlii. 

b) Check llame ctt.amber lor conl.amlnallon. 

al An ambient backqround readlnq can be cau>ed 
by hyOrocarbon' in the H2 luel supply systom. 
Pl.ace llnqer over umole proba lube re>lncllnQ 
umple flow and H meter lnOICQtlon does not QO 
down slqniflcanlly the contamonalion 'os pro
bably In the H2 luel. 

bl An ambient backqround reading can be caused 
by a re>•Oue ol sample. buildinq uo on lhe lace 
ollhe umole inlet Iiiier. lltne 1851 in 8 (a I above 
proauces .a l~rge CHOP 1n reaolno. thi3 i:5 usually 
lt\e c,:,use. 

C) An amo•en1 b~ckgrouno re~d•nq c.ln also be 
c;au3ed by hyoroc.)rOon conJam,nalion •n ltle 
s~mpre •nout system. The most likafy c~use 
woulcJ be a contam•nant aosoroed or condens
ed in the samole line. 
Note: tl snould Oc cmoh~3il.e<l tl"\at runrunq lhP. 
in5tr\Jmen1 1cno5 10 keeo llown the buildup ol 
b.3CkQroun<J voloor5. Thererore, run tflc un•l 
wtu~nevef PO,Stbl8 iiiOO :llore il Wtlh lhe c;:arry
inq c~~e ooen 1n c•eo~n :J.1t. 

•I Check I AMP Slo-Oio luse on the ballery pacl\ 
cover. NOTE·. Certolie<l OVA's oo not roove 
ruse•. 

a} Check 1/ ~AMP luse on the ballery pack cover. 
NOTE: Cenolied OVA ·s <Jo not roave luse•. 

a} Place b•ttery on Ch~rqcr and see il power is 
then Jvo~•l;liJie. Recflaroo in • non-h~1~rdovs 

are~ only. 

- - - - - -
Clean or repl.actr con1amin.aled umOitr line or assembly 
as raquirael. 

Cle~n ,., reou•tecJ. 

Use ;~ hiqner 9fillde of hydrocatDOn free hydroqen. 
Check lor conum•na1e0 l11\in9s on hllinq nose 
• .,_,emoly. 

Remove the exhaust oon Iii is not neceuarv to remove 
instr\Jmenl lrom c.ase1. use small w1re orusn lrom toe 
tool k1l or .a knole oi~Oe ~no liqnrlv scruo sun~ce or um· 
pte 1nlet Iiiier. 

Cle;~n .3ncJtor reo•~ce tne s~mote .nout llnf!s. Norm~l1·, 
!ne lrne.s Will Cl~.lf VO WIIFl .3UihC1elllfUMOinQ 

Reooace ruse. IMPORT.>.NT: Nore tro~o luse ,, a Soo.ato 
1'/0C. II luse continue, 10 blow w,en IQO•Ier Sw•tcn •S 
CIOll!d. cnec~ '9"''e' lor 'non c•rcu•t. Jl iQnllet ,, not tn~ 
p1ootem. tnere •s ~ shon •n the w•t~nq or oumo motor 

Return OVA to l~c1ory ur •uthorueo reo11" t~c•hty. 

Reol~ce Ius~. 11. ruse conunues 10 t>low. lhere •s a :snon 
io 1ru! elecuontcs .:.ssembly: Aetvrn OVA ro l•c•ory or 
~ulhOflled tepJU IJCIIIIy. 

11 power '' aYall~o•e. 0~11ery pack •s a~•o or ooen. 
Recn,HQe oo~~nery oack. II sttll aetec11"~· rco••ct tJ,an~ry 
p.lCk. R~rerence pa•3QrJ(In 2. 7. 

I -- -
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APPENDIX I 

DOCUMENT CONTROL AND THE EVIDENTIARY FILE SYSTEM 
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Document 

File Index 

Contracts/ 
Proposals/Bids 

Financial 

Correspondence 

TABLE 1 

DOCUMENT CLASSES AND STRUCTURE 
FOR SUPERFUND EVIDENTIARY FILES 

A 

B 

c 

Contents 

Check out logs and list 
of active files 

Proposals, contracts, 
purchase orders, 
specifications - COPIES 
ONLY 

summary of invoice 
status; invoices 
correspondence re: 
accounts receivable; copy 
of budget and project 
task setup; COPIES ONLY 

Various incoming and 
outgoing letters, 
memorandums, diary notes 

Cl-In-house 
correspondence; diary 
notes and memos 

C2-0utgoing lettesjmemos 

C3-Incoming 
correspondence 

C4-Correspondence logged 

Work Plan Documents D Documents other than 
proposals; including 
Health and Safety plans, 
Sampling plans, QAPPs, 
permit plans; special 
instructions/outlines for 
conducting the project;· 
Work Plans; WEI plans and 
specifications 

Page 2 of 7 
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QA File E 

Field Data F 

Laboratory Data G 

QA Work Plan and budget; 
project history file; 
sample documentation 
records, etc. 

El Sample tags 

E2-Chain-of Custody 
Records 

E3-Receipt of Samples 
forms 

E4-Transfer of Samples 
forms 

Original field 
data/notebooks 

Fl-Field boring logs 

F2-Well construction 
details 

F3-Geotechnical testing 

F4-Geophysical testing 

FS-Water Quality testing 

F6-Daily field logs 

F7-Baildown testing 

Fa-structural testing 

F9-Miscellaneous;other 

Laboratory test data, 
including original 
analytical logbooks, lab 
data, calculations, bench 
records, graphs, etc. for 
original data and quality 
control data 

Gl-Analytical laboratory 
data 

G2-Geotechnical 
laboratory data 

G3-Materials testing 
laboratory data 

Page 3 of 7 
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I Calculations 

I 
I 

Photographs 

I 
I 

Originals 

I 
Warzyn Reports 

I Warzyn Drawings 

I 
I Other Reports/Drawings 

I 
I 

Miscellaneous 

I Checkprint 

I 
I 
I 
I 
I 

H 

I 

J 

K 

L 

M 

N 

0 

G4-Subcontracted 
laboratory data 

Calculations, quantity 
estimates, computer 
printouts of tabularized 
data 

Photographs, stereo 
pairs, site maps 
(published zoning, 
topography, geology, 
groundwater, bedrock, 
negatives) 

Warzyn original reports 
or drafts 

Copies of the project 
report or previous 
pertinent WEI reports 

Reference list of report 
drawings; copies or 
reduced copies of 
original drawings. Note: 
original or reduced 
mylars will be stored 
separately 

Non-Warzyn reports and 
drawings including 
literature, reference, 
etc. 

Other file information 
which does not fit into 
other categories; file 
must be named 

TEMPORARY FILE of 
checkprints, draft 
reports or other work in 
progress. File must be 
removed upon job 
completion. 

Page 4 of 7 
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DOCUMENT AUDIT CHECKLIST* 

PROJECT NO. 

PROJECT LOCATION--------

FILE LOCATION ----------

DATE OF AUDIT -------
SIGNATURE OF AUDITOR -----

Yes No 1. 

Yes No 2. 

Yes No 3. 

Yes No 4. 

Have individual files been assembled (field in
vestigation, laboratory, other)? 

Comments: ___________________________________ ___ 

Is each file inventoried? 

Comments: ___________________________________ ___ 

Is there a list of accountable documents? 

Comments: __________________________________ ~ 

Are all accountable documents present or accounted 
for? 

Comments: -------------------------------------

* From NEIC Procedure Manual for the Evidence Audit of Enforcement 
Investigations by Contractor Evidence Audit Teams, EPA-300/9-81-003-R, 
Apri 1, 1984. 

Page 5 of -
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Yes No 

·Yes No_ 

Yes No 

Yes No 

Yes No_ 

Yes No 

5. 

6. 

7. 

8. 

9. 

10. 

Is a document number1ng system used? 

Comments: ________________________________________ __ 

Has each document been assigned a document control 
number? 

Comments: ________________________________________ __ 

Are all documents listed on the inventory accounted 
for? 

Comments: _______________________________________ __ 

Are there any documents in the file which are not on 
the inventory? 

Comments: ------------------------------------------

Is the file stored in a secure area? 

Comments: ------------------------------------------

Are there any project documents which have been 
declared confidential? 

Comments: ________________________________________ __ 

P a:ge.: 6 of 7 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

(j ap-800-64a] 

11. 

12. 

13. 

14. 

15. 

16. 

Are confidential documents stored in a secure area 
separate from other project documents? 

Comments: ______________________________________ __ 

Is access to confidential files restricted? 

Comments: ______________________________________ __ 

Have confidential documents been marked or stamped 
"Confidential"? 

Comments: ----------------------------------------

Is confidential information inventoried? 

Comments: ______________________________________ ~ 

Is confident i a 1 information numbered for document 
control? 

Comments: ______________________________________ __ 

Have any documents been claimed confidential under 
TSCA? 

Comments: ______________________________________ __ 

Pa:~e 7 of 7 
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APPENDIX J 

INTERNAL CHAIN OF CUSTODY PROCEDURES FOR 

HAZELTON LABORATORIES AMERICA 
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-OFFICIAL COPY-
DO NOT DUPLICATE 

Hazleton Labortitorics 
America. Inc. 

Quality Assurance Unit 

NTIAL . 
TRADE SECRET OP-PROJ. 1 

PAGE 1 OF 2 
HAZLETON LABORATORIE~ATE: 2/11/87 

AMERICA, INC. ~EPLACES: 4/21/86 

DO NOT DUPLICATE 
PROCEDURE IDENTIFICATION: EPA WA-82-AlSS Hazardous Waste Analysis 

PROCEDURE TITLE: 

AREA OF APPLICABILITY: 

PURPOSE: 

Chain of Custody Procedures 

Hazleton laboratories America, Inc. 
Environmental Analysis 

Future legal proceedings may necessitate Hazleton laboratories America, Inc. 
(HlA) to produce documentation that traces the custody of samples from receipt 
through completion of analysis. In lieu of this, it is necessary for HlA to 
guarantee the continuous custody of samples by either the sample custodian or 
the lab analyst. · 

PROCEDURE: 

The following procedures for documentation of chain of custody for samples 
received under Contract WA-82-AlSS will be followed in addition to or as an 
addendum to those previously stated under OP-OIV 7 and OP-PROJ 2. 

1. All samples will be stored locked in refrigerators located on the third 
and fourth floors. A list of sample numbers, arranged ~y EPA case number, 
will be maintained by the sample custodian. 

1.1 All bottles received for extractable compounds (semivolatiles or 
pesticides) will be stored at 4°C in one of two double-door 
refrigerators located on 3 South in Room 301. 

1.2 All bottles received for volatile analysis will be stored at 4°C on 
4 South in the Mass Spectrometry area, in the refrigerator designated 
for volatile samples only. 

2. Only the designated sample custodian and supervisory personnel will have 
keys to the double-door refrigerators. 

3. Samples will remain in the designated refrigerators until removed for 
sample preparation and/or analysis. 

4. All transfers of samples into or out of the double door refrigerators will 
be documented on an internal chain of custody record (see attached). 
These records are maintained by the sample custodian. 

. 
5. Once a sample is removed from a refrigerator by the analyst, he/she is 

responsible for. the custody of the sample. Each analyst must return 
samples to the double door refrigerator before the end of the working 
~· Samples are not allowed to sit on the bench over the evening. 
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CONFIDENTIAL ~~G~R~JoF 12 
TRADE SECRET DATE: 2111 187 

·OFFICIAL COPY-
DO NOT OUPUCATE 

Hazleton L~boratorics 
America. Inc. 

Quality Assurance Unit 
HAZLETON LABORATORI~.gLAcEs: 4121186 

Atv1ERICA, INC. 
DO NOT DUPLICATE 

APPROVED BY: -:T""-rt-;;r&-r::--~--.;_._LJ __ ·----:~---
ar W rtz 

Environmental Analysis 

~c.\tl{ 
DavidHiS 
Project Leader 

REVIEWED BY: A - ~ a 1 ... (] . C7L-co.St 
Deb~~ 
Manager, Quality Assurance Unit 

(1458E) 

DATE 2-11 ~ 9-=i-

DATE ~ - II - 1 r 

DATE & ( 11/?J 

(~ 
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Case No. ----

laboratory 
Sample No. 

Removed 
by 

Date/Time 
Removed 

Storage Location ----
Storage Date 

Reason 
Oate/T1me 
Returned 
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~:azlaton Labcratcries 
America. Inc. 

Quality Assurance Unit 

CONFIDENTIAL 
TRADE SECRET OP-PROJ. 1 

HAZLETON LABORATORIE§TACHHENT 

AMERICA I INC. 
PROJdOQrN®il: ~URl11(iM(TQ!t 

PROJECT IDENTIFICATION: EPA WA-82-AlSS Hazardous Waste Analysts 

PROCEDURE TITLE: Chafn of Custody Procedures 

DISTRIBUTION: 

Name Tftle Department/Cost Center No. 

David C. Hills Section Supervisor Environmental Analysfs/6004 

Mark Wirtz Documentation Custodian/ Environmental Analysfs/6004 
Sample Custodian 
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-OFFICIAL COPY:-
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CONFIDENTIAL 
TRADE SECRET PAGE 1 OF 3 

OP-PROJ. 2 

. Hazleton Laboratories 
America, Inc~ 

Quality Assurance U:-tit 
ETO BOA ~ATE: 2/11/87 

HAZL N LA ATORIE~EPLACES: 4/21/86 
AMERICA, INC. 

DO NOT DUPLICATE 
PROCEDURE IDENTIFICATION: EPA WA-82-A155 Hazardous Waste Analysis 

PROCEDURE TITLE: 

AREA OF APPLICABILITY: 

DISTRIBUTION: 

See attached list. 

PURPOSE: 

Sample Receipt and Sample Logging Procedures 

Hazleton Laboratories America, Inc. 
Environmental Analysis 

These procedures are to be used in conjunction with the aforementioned project 
because of the nature of the samples and the special chain of custody procedures 
required. · 

SAFETY PRECAUTIONS: 

All samples received under this contract should be considered hazardous and 
appropriate precautions should be taken when handling these samples. Upon 
initial receipt at Hazleton Laboratories America, Inc. (HLA) facilities, sample 
coolers should be inspected for any damage or leakage. Under no circumstances 
should any personnel other than the sample custodian or project leader open 
coolers. If damage or leakage is noted, stay clear of the coolers and notify 
the sample custodian or project leader illlllediately. 

PROCEDURE: 

l. The project leader will notify the sample custodian in writing of incoming 
samples. 

2. When samples arrive at HLA, the shipping and receiving clerk or the 
receptionist will notify the sample custodian. The custodian will collect 
the samples and deliver them to a hood located on 3 South. The following 
procedures will be done by the sample custodian. 

3. Examine the shipping container and record the following information in the 
project log book (one container per form). 

3.1 The presence/absence of custody seal on the shipping container. 

3.2 The condition of the custody seal {1.e., intact, broken). 

I 0 
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I 
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4. Open the shipping container in a well ventilated hood, remove the enclosed 
sample documents, and record the following information in the log book. 

4.1 The presence/absence of the chain of custody record(s). 

4.2 The presence/absence of Sample Hanagement Office (SMO) forms (Traffic 
Reports, Chronicles). 

4.3 The presence/absence of airbills and/or bills of lading documenting 
shipment of the samples. 

5. Remove the samples from the container and record the following information 
in the log book. 

5.1 Condition of samples (intact, broken, leaking, etc). Any broken and/or 
leaking samples should be carefully repacked, labeled as a Biohazard, 
and returned to the sponsor. The project leader should be notified and 
will contact the EPA project officer that the sample was received 
broken and returned. 

5.2 The presence/absence of sample tags. 

5.3 Sample tag numbers. 

6. Compare the following documents to verify agreement of the information 
contained on them. 

6.1 Chain of custody records. 

6.2 Sample tags. 

6. 3 S~\0 forms. 

6.4 Airbills or bills of lading. 

Document agreement and/or any discrepancies found. If discrepancies are 
found, contact the SHO for clarification and notify the appropriate 
laboratory personnel. 

7. If there are no problems with the sample shipment, sign the chain of custody 
record in the •Received for lababoratory by:• box on the document. If 
problems are noted, sign for shipment and note problems in the •Remarks• box 
or reference other forms detailing the problems. 

I ~., ... ) 
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8.1 Figure is an example of a type of form the sample custodian could use 
in order to log-in samples and to record the information previously 
described. 

9. Send preprocessing request form to Sample Entry requesting that HLA numbers 
be assigned to the samples, and that they be logged onto the LIMS under the 
appropriate mnemonic for tracking and billing. 

9.1 The following LIMS mnemonics will be used for this contract: 

HGMS Hazardous Waste GCMS Analysis 
EPAP - Priority Pool Pesticides 

9.2 Upon receipt of sample HLA numbers, log these HLA numbers into the book. 

10. Sample Storage. 

10.1 All bottles received for extractable compounds (semivolatiles or 
pesticides) will be stored at 4°C in one of two double-door 
refrigerators located on 3 South in Room 301. 

10.2 All bottles received for volatile analysis will be stored at 4°C on 
4 South in the Mass Spectrometry area, in the refrigerator designated 
for volatile samples only. At the time of storag~ a storage blank will 
be prepared -identified with the case number and date prepared. This 
blank will be analyzed with those samples stored on the designated date 
to monitor the potential for cross-contamination of samples during 
storage. 

APPROVED BY: DATE 2-1{-89-
~M~a~r~~l~rrz~~------~~-------------

Environmental 

~ c.C;JUJ 
David Hills 
Project Leader 

REVIEWED BY: ~ 
Debracure;rnt 
Manager, Quality Assurance Unit 

{1459E) 

DATE . .,). -II- f:t-

DATE a I tr 1'61 



- -~~ - - - - -- - - -
llfl H: 

'11'1 I Ul'.,r IJU I fill S ICillfiiUIIl: ---------- ... -............ -- .. -·· . 
· :~cu ·rn( fii'Piwrn lf\Tt nsroust 

Cu!.lody Scc1l 

ChJin-of-Custndy 

S,uuple Tc\!]S 

~·"·•I' 1 c T J 9 lhnnl,c ,. ~ 

suo r o r1:15 

Cllfl w-or-
'd[ I I I I[ CllSlUl>Y 

! I'll ll II(([ IVliJ nrcorw 
II Utili (II ---

--
-

---· 
.... --
---
---
----· 
·--
---
·--- -

.. ----
-- .. 

--- - -

prcsr.nlf,,l.,~cnl 

inl.lcl/not lnlclCl 

prcscnl/abscnt 

present/absent. 
listed/not I fstcd on ch.lln-uf-custu•ly 

pre sen l/ ••l>s en t 

COIU![ Sf' OliO I U<; 
Sl10 Sf\1-lf'L ( 

.fiSSIGU[O tXrf Sfl/-ll'l [ T fir. . 
UIJtiiiU'I) 

tit Hill£ ns IIUHII Ut S 

--·-----

.. _ ··-·---- .. ·-·. -- .. 
---·· ··-·---··--·.-

- - - -
IJIJLIII\llll Cllll I 1!01 

- -
01'-l'll!l.l. 2.· 
i\TTACIIIIEU 1 

-
I 

0 :::c 0 
c: c:uo-n 
~~ !:::::!..0-n 

.:;:: ~ ro -
(,,~[ IIU/·IIllll ________ j_ ~ ~ _g S 0 

Vl n· I 0 )::> 

:\IPIIII.L lllli·IU[R 

--
00( ~ till fll\1·1!\ 1 I 011 Ull 

CIIS IOUY ll[(fJI!IJS • 
111M r 1 c It£ rorn s, fiiiO 
~Afll't.[ 11\C~S fllilllf. ?· 

....... - 0 .. -. -- •• -

··-· ... .. ····-----·--

c:w~cr _,_ cr""' 
~-oro 
·n g &o 

~"[) . 0 ::»- 0 - ~- ~..,.., 
~- co m v 
~ (/) -< 

HI 1·1 

COIIIJ I I tjl 
~11C0r 

z 
o: 

J;: 

~,/lJ·IJ 
r 

I 

m~. 
~-::o-0-
0)>0 
~~-

-,- -
c~ 

--~m-.:n.. 
~o _(1"1. o __ 

con-,~ 
-oo-z· 

:JJ. ;:a-:::j . 
""C-
r 
c-r 
-p-
--i. m 
-~ .. ~-~·-

0 ·-·.
:0 

----

---
--------
- --- -· 



lr-------, 
-OFFICIAL COPY-

co NOT DUPLICATE . 'I Ha::IC!tun Laboraterics 
America. Inc. 

I L-------

CONFIDENTIAL OP-PROJ. 2 
TRADE SECRET ATTACHMENT 

HAZLETON LABORATORIES 

PRoru'MhPL~¥~N 
I 

Quality J\ssur3!1CC Unit 

PROJECT IDENTIFICATION: EPA WA-82-AlSS Hazardous Waste Analysis 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~ 

I 
I 

PROCEDURE TITLE: 

DISTRIBUTION: 

Name 

David C. Hills 

William Hamilton 

Paul Jacoby 

Judy Santos 

Diane Loram 

Nark Wirtz 

Sample Receipt and Sample Logging Procedures 

· Title 

Project Leader 

Manager 

Section Supervisor 

Section Supervisor 

Hanager 

Documentation Custodian/ 
Sample Custodian 

Department/Cost Center No. 

Environmental Analysis/6004 

Facility Services/6080 

Shipping and Receiving/6075 

Sample Entry/6099 

General Services/6072 
(Building Receptionist) 

Environmental Analysis/6004 
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DEPARTMENT OPERATING PROCEDURE 

CON Fl DENTIAL 
TRADE SECRET 

HAZLETON LABORATORIES 
AMERICA, tNC. 

OP-PROJ. 3 
PAGE 1 OF 3 
DATE: 4/21/86 
REPLACES: 1/3/83 

DO NOT DUPLICATE 
'---~~~-rt"Tnr~~"ION: EPA WA-82-AlSS Hazardous Waste Analysis 

PROCEDURE TITLE: Duties and Responsibilities of the Documentation 
Custodian and Procedures for Data Assembly and 
Filing 

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc. 
Environmental Analysis 

DISTRIBUTION: 

See attached list. 

PURPOSE: 

To specify the duties and procedures of the documentation custodian for the 
above-mentioned contract. 

PROCEDURE: 

1. Tne documentation custodian will organize and assemble all documents 
relating to each EPA case. 

2. This procedure will ensure that all documents to be submitted to EPA are 
compiled in one location, preferably-in single case files arranged by SMO 
s amp 1 e number. 

2.1 Prepare case file folders as follows:. 

2.1.1 Assign one folder to each case according to SMO case number. 

2.1.2 Place all documents, sample tags, SMO forms, and laboratory
generated data, pertaining to one case in the assigned folder. 

2.1.3 Arrange all documents by type within the case folders, i.e., 
all sample tags together, all Traffic Reports together, all 
hardcopy Mass Spectra together, etc. 

2.1.4 File these document case files in one location in a secure 
area. 
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3.1 Assignment of Accountable Numbers to laboratory-generated data. 

3.1.1 Inventory each document of a case and assign it a serialized 
number (an identifier) associating it with a particular case. 
For ex amp 1 e: 

SMO case a - serialized document folder 
5081 01 

3. 1.2 Inventory and number all documents pertaining to each case 
including the following: 

3.1.2.1 Sample traffic records, weekly reports. 

3.1.2.2 Custody records, sample tags, airbills, internal 
custody records. 

3.1.2.3 Laboratory log books, personal log books, instrument 
log books, benchsheets. 

3.1.2.4 Laboratory data (sorted by sample), calibration and 
quality control results. 

3.1.2.5 Data summaries and reports. 

3.1.2.6 All other documents, forms, or records referencing 
the samples. 

3.2 Preparation of a Document Inventory. 

3.2.1 Prepare a document inventory list to provide a record of all 
documents and their corresponding document numbers that are 
included in the completed case file. 

3.2.2 If documents for a case are sent to an EPA Region for 
enforcement action or other action, tne laboratory will 
retain a copy of the document inventory list for that case. 

----------------
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File Inventory 

Sample Tags 

Sample Tracking Documents 
. •. 

EPA Chain of Custody 

Airbills 

Organic Traffic Reports 

Extraction Worksheets/Screens 

Copies of Analyst's Notebook Pages 

Identif1cation/Quant1tat1on Worksheets 

Copies of GC and GC-HS Operation Logs 

Copies of Standard Preparation Log. 

Other Correspondence/Memos 

QC SummarY. Package 

Data Summary Package 

Sample Data Package 

Raw QC Data Package 

Standard Package 

Pest1ciae Raw Data 

OP-PROJ. 3 
ATTACHMENT 

Number of Pages 
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PROJECT IDENTIFICATION: EPA WA-82~Al55 Hazardous Waste Analysis 

PROCEDURE TITLE: Duties and Responsibilities of the Documentation 
Custodian and Procedures for Data Assembly and 
filing 

DISTRIBUTION: 
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David Hills 

Mark Wirtz 

Title 

Section Supervisor 

Documentation Custodian/ 
Sample Custodian 

Department/Cost Center No. 
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Environmental Analysis/60~ 
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PROJECT IDENTIFICATION: EPA WA-82-A155 Hazardous Waste Analysis 

PROCEDURE TITLE: Duties and Responsibilities of the Sample Custodian 

AREA OF APPLICABILITY: 

D I ST R I BUT I ON : 

See attached list. 

PURPOSE: 

Hazleton Laboratories America, Inc. 
Environmental Analysis . 

To specify the duties of the sample custodian for the above-mentioned contract. 

PROCEDURE: 

Duties and responsibilities include: 

1. Receiving samples (OP-PROJ 2). 

2. Inspecting sample shipping containers for presence/absence and condition 
of: 

2.1 Custody seals, locks, 11 evidence·tape 11
, etc. 

2.2 Container breakage and/or container integrity. 

3. Recording condition of both shipping containers and sample containers 
(bottles, jars, cans, etc.) in log books or on appropriate forms. 

4. Signing appropriate documents shipped with samples (i.e., chain of custody 
record(s), SMO Traffic Reports, etc). 

5. Verifying and recording agreement or non-agreement of information on 
sample documents (i.e., sample tags, chain of custody records, Traffic 
Reports, airbills, etc.) in log books or on appropriate forms. If there 
is non-agreement, record the problems, contact the SMO for direction, and 
notify appropriate laboratory personnel. 
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6. Initiating sample analysis procedures on appropriate laboratory documents 
or according to laboratory stanaara operating procedures including 
establishing case and sample files and ·inventory sheets. 

7. Labeling samples with HLA sample numbers. 

8. Securely storing samples, sample extracts, and spent samples. 

9. Controlling access to stored samples and assuring that HLA standard 
operating procedures are followed when samples are removed from and 
returned to storage (see OP-PROJ 1). 

10. Assuring that sample tags are removed from sample containers and are given 
to the laboratory personnel for inclusion in the sample case file. 
Missing tags are to be accounted for by putting a written memo into the 
sample case file. Information from the tags should be included in the 
memo, if available. 

11. Monitoring storage conditions for proper sample preservation such as, 
refrigeration temperature and prevention of cross-contamination. 

12. Returning snipping containers to the proper sampling teams. 

APPROVED BY: _.,...,..m~W_~~~4q----=-uj~~--· ~"-------
M~-=Wirtz :c5" 
Environmental Analysis 

~ .:. ~ c . (__,p4 
David 1 s 
Project Leader 

REVIEWED BY: ~ bv;.,. t1 / . iLtc..cOJ 
~De~b·r~a~C~u~rTl~ey~~-rn-d~t~~~~~~~---

Manager, Quality Assurance Unit 

(0726E) 

DATE 4 /l;r f6k 
I . I 

DATE __ 'f ... _l_r-_r_(:,_ 

DATE Cf/J./ (f!.p 
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· Duties and Responsibilities of the Sample Custodian 

Title Department/Cost Center No. 

Section Supervisor Environmental Analysis/6004 

Documentation Custodian/ Environmental Analysis/60m 
Sample Custodian 
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COMBINED OXYGEN/COM6US118LES INDICATOR 

INSTRUCTIOt-:S (J·908 1 

OPERATION .).NO MAINTENANCE 

J·W MODEL GPK AND GK OXYGEN/ 

COMBUSTIBLE GAS INDICATOR 

7.0 CALI9F\ATION 
(CO~..:'ooUSTIBL!:S SECTION) 

ih~ s:;!r.c;,rd cnlibr<!tion us:nc me~hilne h<!S 
been s.;lected so that most commonly r~ncoun· 

tercd gases and vilpOrs as lisled below and ll"le 
more volc:tile l;:,cquer and paint thinners. ail indi· 
cate quit~ accurately or within re;;sor.able er~or on 
the side of sJiety. 

Gases 
Naturai Gas 
Methane 
Ethane 
Propane 
autane 
Carbon Monoxide 
Acetylene 

Vapors 

Pentane 
Hexane 
Heptane 
Methyl Alcohol 
E thyf Alcohol 

Benzene 
Ethyl Ether 
Acetone 
Ethyl Aceta:e 

7.1 Checking Combustibles Calibration 
UsinCJ Known Gc:~s Sample 
(Sec Fi;;ure 12) 

11 is allen necessary. and even manc<ilory, to 
periodically check the instrument against a 
known. standard blend of calibration gas. 

t ... 
: ·.:...., 
!·';;_-a 
I 
~.:.· 

: ', ' ,,., '• • o •' I: ', ,"o 0 ~ ~-:~ .. :· .. .: • •• • • :.: ··~ •• '. 0 • : 

Ti:e J.\.v :)S0-075 G.1s "'U•c..illll• Test;<_,; ;~rl")·;lll·:~. 
3 convcnH?ni mo:1~10d tor !o::;:111r, lllc lfl:;::onnc,~:·:. 
response to,, 1-.nown IJ.1S conccollrntioll. fvk:h~;,.; 
is used ,,s :1 c:~:ibrat•o" g;~s l1co:auso.? indic.:llor 
res;:>onse :o mcth.1ne is mon: t:r•llc.11 thilrl rcspons~ 
:o most other qnses. I! till! in<J•cator hns norm;1i 
response 10 tl1~11wnc it wiil resr>oncl normttfly to 
mos1 other comlJliStoble 9.1s•·:·. Jn<.l v:~po:s Con
ta1:1eJ 1n the: Kit arc g;;s-lollccl ,lmpoul(:~ .1nc.! a 
plastic SQ<1ecze bottle •.vhtt:h \'l.·ifl produce ;1 known 
1.1% l>y volunl~ mctll.Jnc/:~ir mi:;!ure. when one 
ilmpoult: (brown color cocc:cl end I is sh,, ttcrctl o:l 
the bonle. Usc the followin<J proccch,rr. :o Cillo· 
l.H ill c ; ho~ in$! flJI>lCr.l. 

(il) Rc,lh..)v•.:: Ul~ s<.;r•::?.' !i;lOul ;liHJ ~-l1~'L'!~:c p:.is:~c 

bottle Sl!vr:r.11 tunt:.'!": :o ;>t,:rJ<? r·:~;,cJ,,;:~; (!;;:; iro;:: 
previous tes< 
(b) Drop one glilss ;~mpoulc into the i>lils:•c 
squeeze tJottl~ and rep:ar.c the screw SDOlil. 

M;-tkc ccrt.Jin that reci end Ci:lP is firmly in pl;-tcc. 

(c) Sh;:~i<c the !Joule ur.:if :he Jmpoulc is sha:· 
tcred by 111e brr~nkcrs in the bottle. With :he 
instrument in normal operJtion but wi:hout 
sample probe and hose at:acho:!d. remove the 
red end can. gr;,s;> the bott!e firmly in the !a!; 
hand nnd force th~ noz.:le into the snmple in!e: 
fining on the left side oi :he instrument. lnjcc; 
gas sample whiic ke!?ping pressure on the or):::e 

Do not depend upon :he pump or use oi the 
aspirator bulb to draw sample through the ins· 
trument as this will result in leakage and 
unintentional dilution. 

(d) Observe that the combustible meter poin;er 
deflects upscale. Record the maximum meter 
reading indicated. An acceptable reading is 
approximately .25 L.E.l. on the combustible 
meter scale .. 20 L.E.L. or less is unacceptable 
and is cause lor recJiibration. 

NOTE: If low reading is obtained the rirst time. 
repeat the test :o insure that no dilution occurred. 

(e) Refer to Figure 13a for location of the cali· 
bration adjustment potentiometer, which is 
accessible through the small hole in back of the 
case. Use a small screwdriver to turn ;he sloned 
shaft clockwise to increase reading. This is a 25 
turn potentiometer. so .c;everal turns may be 
required to bring the meter reading 10.25 l.E.L. 
while simultaneously squeezing the plastic bottle. 
After readjusting :he calibration potentiomete~. 
repeat 7. I (c) again as a final check. 

C I~! I I r ·~ ':,,• ,;a• ;.: ':'' .-·: :·.:: :•':•--:-:•;:r 
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7.3 Testing Oxygen Cell for 
Calibration and Sensitivity 

Operation of the instrument is normal if the 
meter can be set to read 21% on atmospheric air. 
A convenient test to prove response is to set the 
calibration to 21% and then blow slowly into the 
indicator inlet. As the lungs become exhausted 
the readtn"gs will go lower. a reduction to 1 5% 
being normal. With effort, the reading can be 
reduced as low as lO'ro. 

To check performance near 0% oxygen. admit 
a small steady stream of oxygen tree gas to inlet. 
such as nitrogen or natural gas. A cell in good 
condition will give a zero reading. A reading of 1% 
or more indicates need for reactivation. 

8.0 MAINTENANCE SCHEDULE FOR 
MODELS GK AND GPK 

DAILY: 
The ins:rument should be checked for response 
before each day's operation as follows: 
1. Check battery voltage reserve by observing 
whether voltage can be adjusted to at least 0.7 
on the combustibles scale; then reset to green 
index arrow. 

2. Check oxygen ce!l on fTesh· air and observe 
whether meter can be set to 2 1 'o 0 7. 

3. Check combustibles response by placing a 
few drops of gasoline or lighter fluid on a cloth. 
and proceeding as in Section 5.1 Step (e). Ob· 
serve that combustibles pointer deflects upscale 
(if a slight explosion is heard. no harm will be 
done). Avoid excessive use of fluid as it will be 
difficult to clear the instrument. 

4. Test leak tightness of sample inlet system by 
closing off the inlet fitting with finger and listen 
lor pump slowdown to occur (GPK). With Model 
GK. check lor internal leaks by squeezing the 
aspirator bulb. placing the linger ove_r the inlet 
fitting. and releasing the bulb. If the bulb springs 
back .quickly. an internal leak is present that 
should be corrected before using the instrument. 
5. Replace cotton filter in probe chamber if 
working in an ex1remely dirty environment. 

WEEKLY: Test instrument response to a known 
concentration of methane in air as outlined in 
Section 7.1. 

MONTHLY (or as required): . 
Check combustibies reaction chamber for accu· 
mulations oi dirt or foreign material that may 
res;rict free movement of gas sample. 

EVERY SIX MONTHS (or as recuired): 
Ma1n1ain Oxygen Ceii as OL:tlir.ec i" Sec:1on 8.1 
Step ia) ;hrcugn (e! 

-~ . ..; 

8.1 Oxygen Cell-Maintenance 
(Refer to Figures 14 and 15) 

The 514-DlO Oxygen Cell requires periodic 
maintenance and reactivation. 

The 514-Dl 1 Reactivation Kit is supplied lor 
this purpose. Tht:re are two levels of cell main· 
tenance. which are described below. 

Both opera1ions can be carried out with one 
kit. as an adequa1e supply of electrolyte solution 
(KCI) is provided to fill the cell at least twice. 

F;gure 14, Correct melhod of connecting Oxygen CeU (note 
DO~IIon of blue ClOO. 

348-062 

310~35 

310-019.1 
321-422 
(6 Req.) 

L 
ow~ 

348-060 \ 
348-063 
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8.1. 1 Maintenance 
The Oxygen Cell will usually operate up to 6 

months without attention. but occasionally· within 
this period. cell output may drop appreciably or 
change suddenly with sampling or sudden shock. 
To correct this condition. "proceed with the 
following: 

(a) Remove top panel from instrument case by 
loosening the two captive hold-down screws. 

Unplug Oxygen Cell from the printed Circuit 
Board and disconnect the plastic tubing from 
the cell inlet and outlet nipples. 
(b) Remove the nylon screw and seal ring on 
the electrical plug side of the cell. Refer to Figure 
15 and unscrew the zinc electrode (banana plug 
nearest the blue dot on the side of cell) and 
remove it together with its 0-Ring seal. 
(c) Drain all the solution frvm the cell and 
completely fill with fresh KCI ·solution through 
either opening. 
(d) Replace 0-Ring on the zinc electrode. screw 
the electrode into the cell and tighten. using a 
small wrench. Install and retighten nylon screw 
with seal. 
(e) Allow a few minutes for the cell to stabilize 
before attempting to make a reading. 
NOTE: DO NOT WASH OR WIPE ELECTRODE 
AT ANY TIME. . 

8.1 .2 Reactivation of Oxygen Cell 
(Refer to Figures 15. 16. 17) 

In the event oxygen cell fails to function properly 
after changing solution as outlined in Section 8.1.1 
or if it has been six months since solution was 
last changed. the cell may require reactivation. 
Reactivation Kit 514-011 is all that is required to 
completely react1vate the oxygen cell. The Kit con
tains a cap gasket with Teflon membrane. zinc 
electrode with 0-ring. nylon screw with seal. KCI 
solution. nylon pad and brush. 

To reactiv=3te the cell. proceed as follows: 

1. Remove nylon screw and ~al and unscrew 
and remove zinc electrode and 0-ring. Discard 
the zinc electrode. the screw. the 0-ring and 
the seal,. 
2. Drain solution from cell. 

· 3. Remove cap and gasket with membrane by 
removing the six screws which hold the cap in 
place. Discard the gasket with membrane. 

4. Wash the cell thoroughly with cold. clean 
water. Use the brush to remove any white sub
stance that may remain on the gold electrode. 
00 NOT USE ANY SOAP OR DETERGENT. 
If the whitP. subs:ance cannot be removed from 
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sive nylon pad can be used to remove it. but the 
gold electrode should be handled very carefully 
and only slight pressure applied in cleaning with 
the nylon pad. Wash again with brush and water. 
5. Put one drop of KCI solution on top of the 
gold electrode and put new gasket with mem· 
brane in place. The side of the gasket with the 
Teflon membrane should face the gold electrode. 

6. Replace the cap. observing the direction of 
the sampling nipples. Nipples should point away 
from the label on the cell body. Tighten all 
screws until the cap shoulder is flush with the 
cell body. 

The cell is now dry charged and can be stored 
as long as desirable. 

Figure 16: Activating cell with elec:rolyte IKCI solution! 
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To activate the cell: 
1. Fill the cell with KCI solution. through either 
of the openings for the nylon screw or for the 
zinc electrode. 
2. Check to see if the 0-ring is still in the zinc 
electrode opening; if it is. remove it. 
3. Be sure the new 0-ring is in place on the zinc 
electrode. screw zinc electrode into cell and 
tighten with a small wrench. 
4. Plug fill hole with nylon screw and new seal 
ring (310-035). The cell is now fully activated. 

8.2 Oxygen Cell Contamination by 
Foreign Liquids 

If any liquid has been accidently introduced into 
the sampling line and thus into the sampling cham
ber of the cell. it will be necessary to flush the 
system out with distilled water as soon as possible. 
To do this. use the following procedure: 

(a) Disconnect the cell completely, remove. and 
pour distilled water into one sampling nipple 
until it comes out of the other. Drain water out 
and repeat this procedure several times. 
(b) Insert the cell into the P.C. Board. observing 
plug color coding. Reconnect sample tubing, 
one to the inlet and the other directly to sample 
pump or aspirator bul!j (bypass the combusti
bles reaction chamber}. 

(c) Turn "ON" the pump (Model GPK) and allow 
5 minutes drying time for samoling chamber. 
For Model GK. stroke aspirator oulb about 50 
times to insure cell chamber is .1roughly dried. 
The cell should now register normal output and 
is ready for use. 

(d) Reconnect sample tubing so that outlet of 0 2 

cell goes to reaction chamber. and outlet of 
reac:ion chamber goes to pump inlet (or aspira· 
tor bulb). 

8.3 Maintenance of the 
Combustibles Section 

Filaments and "Flame Arrestor (Refer to 
Figure 18) 

There are two separate filament units: ( 1) the 
active filament. which is installed in the flame 
arres:or. and is the unit that actually comes in 
contact with the gas being tested; and (2) the 
reference filament that helps balance the. electrical 
circuit. 

The reference filament should 'rarely require 
reolacement inasmuch as it operates at a very low 
voltage and never comes in contact with the gas. 
Replacement may be necessary if the indicator has 
bee:1 c:~oopec or severly damaged. or if the instru· 
rnent ;,c;s been in !re~uent use over many years. 

15 
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Figur'e 18: Active ~nd_ reference lir.ment Jo~tions. 

The active ·filament should experience long life 
in ordinary service. probably on the order of a 
year or more. depending on frequency of use. The 
end of the useful life of the active filament is 
reached when it is no longer possible to bring the 
hand of the meter to "zero" with the zero adjust· 
ment. Another sign of trouble in the filament unit 
is when the meter pointer flies violently upscale 
with the instrument "ON," and zero adjustment is 
impossible. This usually meilns the acti'le filament 
is burned out and must be replaced. 

If the GK or GPK has been in use for a consider, 
able period of time, or in moist or dusty conditions. 
it is frequently desirable to replaca the filament 
flame arrestor assembly in combination. This is 
done by unplugging "the 0 2 cell. removing the four 
screws holding the brass plate to the underneath 
of the panel. and removing the filament lead from 
the subpanel terminal. When putting in a new fila. 
ment flame arrestor assembly. maJ,;e certain that 
the gasket is in place and compressed evenly by 
four screws. . . 

When replacing the filament only. and reusing 
the flame arrestor,· first remove an~. inspect the 
flame arrestor, ch~cking ·"for. :d~st:o:,corrosion or 
other damage. Replace gas~e,Lrf .!t·ha:s deterio. 
rated. Install new filament;rn·_:place :of old· one 
screwing it into the_flame ~rre~o~;f.l.ate to com: 
press the 0-ring gasket as t1g~tly as. possible using 
the thumb and finger. When rn~r:tJn.g filament be 
very careful not to touch or-.dlstOf"!~the platinum 
coil. - · ·· 
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To repla.ce the reference filament. first unsolder 
the black wire at subpanel. and unplug the 0 1 cell. 
Then unscrew the knurled reference filament base 
from its cavity. using a pair of pliers. Install the 
new filament in the same position. tightening with 
pliers. and solder wire to subpanel. 
NOTE: After replacement of either the active or 
reference filaments. perform the OPERATIONAL 
CHECK as outlined in Section 5.1. Steps (a) 
through (e). 

Part numbers for filaments are: 

800-007 -Active Filament Flame Arrestor 
Assembly 

800-01 1 -Active Filament only (red wire) 
800·022-Reference Filament only (black wire) 
310-017-Fiame Arrestor Gasket only 

8.4 Battery Replacement and Charger 
Check (Refer to Figures 19. 20) 

The most frequent form of maintenance will 
involve recharging the batteries as outlined in 
Section 5.3 and occasional burr.ishing of the sil:ver 
contact buttons on the Printed Circuit Board with 
fine sandpaper (No. 400 or equivalent). The bat· 
teries can be recharged hundreds of times to 
render many years of useful service. Usually. the 
most probable cause of "apparent" battery failure 
can be traced to charger malfunction or contact 
problems. The batteries can only be charged with 
the instrument panel firmly in place. With the 
panel removed. the batteries can be inspected for 
deterioration by removing them from the storage 
compartment. When replacing batteries. be cer
tain to reinstall them in the positions indicated on 
the side of the baltery compartment. 

. ·- .. -: 

Figure 19: Ct>~c~·ns power corc<.:il 'or ;>rope• ·,cltat;;~ :Sec:•C" 
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Figur.e 20: Measuring charge rare (Section 8.4. Step dl. 

NOTE: OBSERVE CORRECT POLARITY
INCORRECT BATTERY INSTALLATION CAN 
RESULT IN DAMAGE TO THE BATTERIES OR TO 
THE INSTRUMENT ITSELF. To insure that bat· 
teries are being recharged and that the Charger 
is functioning properly. perform the following 
check: 

(a) Obtain a Multimeter and place the range 
selector on the 10 volt scale. Connect the meter 
test probes across the instrument charging jacks 
as illustrated in Figure i9. With the instrument 
FUNCTION CONTROL in the "OFF" position. 
the Multimeter should indicate 5 volts . 

(b) Turn the FUNCTION CONTROL switch to 
the "'ON" position and observe that battery volt· 
age drops to 2.5 to 2.6 vofts. then remove the 
meter probes. NOTE: Failure to obtain 2.5 volts. 
indicates deple:ed batteries. open contact with 
subpanel buttons or open electrical connection. 
Correct malfunction before proceeding with the 
next step. 

(c) Plug Charger line cord into 115 VAC outlet. 
Connect meter probes across charger pins and 
check output for approximately 5.5 volts 
(normal unloaded voltage). 

(d) Now refer to Figure 20 and connect the 
Charger as shown with only the negative pin(-) 
connected to the black (-) charging jack. Place 
the Multimeter range selector to the 500 ma 
scale 

Connect the ( -7- red) positive meter probe to 
the remaining exposed pin on ;he Charger and 
:he black 1-) Multimeter probe :o ihe red (.;..I 
charg,;;g ;aci; ol tile G?K !GK) With ChargP.r 
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connected to 115 VAC. Multimeter should indi
cate a charge rate of 120 to ISO ma (depending 
on battery state. line voltage. ere.) with the 
FUNCTION SWITCH in the "OFF" position. If 
Multimeter indicales ··zero·· ma. refer to Trouble

shooting Section 8.9. Step 6. 

(e) Now turn on the FUNCTION SWITCH to the 
"ON" position. Multimeter should indicate 
approximately 250 ma. (Never anempt to charge 
the baneries with the switch "ON," because the. 
power consumption is greater than the Charger 
delivery rate.) If Multimeter indicates 300 ma or 
more. refer to Troubleshooting Section 8.9. Step 6. 

NOTE: Failure to attain the above readings in
dicates a faulty Charger or Pump motor. open 
contact with subpanel buttons. or open electri
cal connection. If the correct indications are 
obtained. the circuit is normal and the batteries 
simply require recharging. 

8.5 Testing Sample Flow Lines 
(Refer to Figure 17) 

When installing the instrument panel in the bot· 
tom housing. take care not to pinch or obstruct 
the sample tubing. Always make cer1ain that the 
sample tubing is placed in the cavity beside the 
battery compartment and arranged to prevent 
sharp bends.or pinching when the panel is secured. 
For both Models GK and GPK. normal flow rate is 
approximately 2.5 liters per min. and response
time to a combustible gas is approximarery 
5 seconds when short probe and 30" hose is used. 
Leaks cr restrictions in the flow system will of 
course increase the response time . 
A quick and simple checK to determine the tight· 
ness of the sample system is to obstruct the 
flow at the probe tip or i'nl et fitting of the in· 
dicator. In the Model GPK the pump should 
slow or slop. If it does not, a leak in the pump 
or sample system is indicated. In the Model 
GK the aspirator bulb should be squeezed, re
leased, and remain compressed lor about 20 to 
30 seconds. If the pump continues to operate 
nonnally ·or the bulb Immediately springs back 
to i-ts original form a leak exists which must be 
corrected before attempt! ng to use the instrument. 

SAMPLE 
IN LEi 

SAMPLE 
OUTLET 

Figure 21: Sa,.,ple :u~ong connoections tor all ~~10' c~m~oneniS 
, 7 
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8.6 GPK Sample Pump/Motor Replacement 
(Refer to Figure 18) 

The GPK Sample Pump Assembly Code 342-626 
Is located adJacent to the outlet lllllno in the 
Bottom houslnQ. 

To replace the Sample Pump Assembly, first re
move the two screws from the outside of the 
lower case housing and release the pump assem
bly with mounting bracket. Mark the bracket 
"TOP" and "BOTTOM" lor reference, then 
disconnect sample tubing. At the printed cir· 
cuit board, unsolder the red and black leads to 
the pump motor and note the location for future 
reference. 

With a 3/64" Allen wrench,loosen the set screw 
in the cam to free motor shalt, then remove the 
two screws from the motor mount. 

Check valve action by sucking gently on the 
Inlet· tubing connection and blowing gently into 
the outlet tubing connection. The valves should 
resist either test and stay firmly closed. It 
the valves pass the above test only the pump 
motor wi II . .require repl_acement. 

1
11 not, the co~ 

plete Sample Pump Assembly Code 342-626 must 
be overhauled or replaced. 

Install new motor Code 04-4053 and secure to 
pump mounting bracket. Reinstall pump assem· 
bly and bracket. solder pump connections to 
printed c ircud board and connect tubing as 
illustrated in Figure 22A 

..r--..,._ ......... .....- p bra gm 
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Flrur• 22A: SJmplt Pump Assy. proper I~ lnsiJit•d 

8.7 Meter Replacement 
Meter trouble is usually indicated bv errat1c 

action, tor instance the 1ndicator meter pointer 
will start to go up smoothly, pause momentarily 
at a reading, and then jump quickly over the 
the next lew divisions of the scale. Another 
sign of trouble is for a meter to be almost or 

entirely inactive. and to "stick" or show ~. 

permanent displacement of the pointer. 
If the meter is giving trouble i< may be removed 

by taking off the meter nuts and the meter hold 
down screws. Field repair of meters is gel')erally 
inadvisable unless a qualified instrument repair 
facility is available. 

PLEASE NOTE FOLLOWING BEFORE 
REPLACING METER: 

The zero, calibrate and voltage adjuster knobs 
all turn an arm which runs back and forth over 

a resistance coil. To keep the sliding contact 
of the coil clean, it is good practice to turn the 

knobs back and forth three or lour swings of 
the meter pointer each day as the ins:rument 
is first put into seNice. 

8.8 Trouble Shooting Guide 
SEE CHART OH OPPOSITE PAGC::. 

9.0 ACCESSORIES FOR MODELS GK. GPK 

9.1 Probes and Sampling Hoses 

Whe:n Models GK and GPK are purchased com· 
plete with carrying case and accessories, a 
short alum.inum probe with filler and 30" of 

Nylon I ined hose are supplied as standard 
(Stock No. 550-015). 

For special applications as noted bela~. longer 
probes in aluminum and fiberglass (nonconduct
ing) and longer hose assemblies can be supplied. 
Various styles are available. and extension 
hoses can be provided lor coupling between the 
hose and the ins:rument. The aluminum probe 
is generally _usee e:'(cepr where the non-con~ 
dueling properties of libergl:ass are required 
tor the application. Nylon fined hose is par
tic~larly resistant !O crgar.ic vapors. such as 
the aromatics like ~:·Jene. 

I 

1-j .. 
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The following hose and probe combinations with' 
standard union fittings are available. 

1. Fiberglass probe with dust filter chamber and 

42" nylon I ined hose (Stock No. 5.50-013). Use· 
primarily by utility companies where an electri." 
cally non·conducting probe is desired and gases 
such as natural and manufactured gas are samp
pled. 

2. Aluminum probe (long) with dust tiller cham
ber an~ 42" nylon I ined hose (Stock No. 550-01 4). 
Used 1n nearly all other applications. Probe 
ot 3/8" diameter is very rugged and is perfor
ated a lew inches from the lip to prevent liquid 
from getting into the sampling hose should the 
probe be accidentally placed in r iquid. The 
hose is unaffected by petroleum vapors. 

3. Five loot hose. Stock No. 550-060 (nylon 
lined). Used as an extension hose. Can be 
used with either ( 1) or ( 2) above. Longer 
lengths of hose, complete with unions are avail
able in 5. 10, 15. 20, 25 and 50 to~t lengths. 

4. Dust fi Iter chamber with fittings (Stock No. 
550-025). Useful where just a filter chamber is 
re~uirec at. the instrument inlet. Standard hose 
(550·060. or longer extensions) can be attached 
lor remote sampling. 

9.2 Sample Line Moisture Trap 
(See Figure 23) 

#550-081 Sample Line Chamber. Although the 
cotton filter in the filter chamber of the probe 
tends to trap water or other liquids before they 
reach the instrument. it is normally a wise pro· 
cedure to use a water trap if there is a continual 
problem with excessive moisture. 

The 550-081 Sample Line Chamber is designed 
to act as a moisture trap when there is danger of 
drawing liquid or water into the instrument. or to 
help dry a sample when it is filled with calcium 
chloride or other drying agent. It can also be used. 
as an additional dust filter trap where extremely 
dusty atmospheres are encountered. 

The Sample Line Chamber comes complete· 
with fittings. one end attaching to the GK or GPK 
sample inlet. and the other end to the sampling 
hose. The Chamber itself is a clear lucite tube. The 
capacity of the chamber is .about 3 oz. 

. ·. ~0$117~--.-·-

G·.O"'.,~ 
...... 

,-"' -
Figure 23: 550-081 S3mole Lone Ct-.a•"ber 
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FIELD MEASUREMENT OF PERMEABILITY 
BAIL -DOWN TEST 

INTRODUCTION 

The objective is to determine hydraulic parameters (transmissivity, 
storativity, hydraulic conductivity) of the water-bearing strata. Single 
well aquifer tests are used because they may be conducted using a minimum 
of equipment, personnel, and time. They may also be done at many points 
within an aquifer and may be used to better plan a full-scale pumping 
test. 

PROCEDURES 

Each bail-down test is conducted by measuring the static water level with 
an electric water level indicator or cloth tape with attached sounding 
device, placing a pressure transducer (connected to a Hermit data logger1), 
below the water level, and removing one bailer volume from the well. The 
recovery of the water level back to the static level is recorded over the 
necessary period of time, using a 1 oga ri thmi c sampling mode on the data 
logger. 

The electric water level tape and transducer are wiped, first with methanol 
and then with deionized water as they are placed in the wells, to prevent 
cross-contamination between wells. The bailer is lowered with an attached 
1/8-inch stainless steel cable. The bailer and cable are decontaminated 
between uses by washing and rinsing with Liquinox soap and water, rinsing 
three times with methanol, and rinsing three times with deionized water. 
The bailer and cable are then allowed to air-dry on steel supports and 
are covered with new sheet plastic. 

DATA REDUCTION 

The data accumulated during the bail-down tests are used to calculate 
hydraulic parameters using several published methods. Hydraulic conductivity 
is calculated for shallow, unconfined wells using the Bouwer and Rice 
method {1976). The NAVFAC method {1971) is used for comparison. 
Transmissivities and storativities for the deeper, confined wells are 
determined using the curve matching method described by Cooper, et al. 
(1967). For comparison, hydraulic conductivities are also calculated 
using the Hvorslev method (1951). All methods assume an infinite, 
homogenous, isotropic aquifer and an instantaneous change in head in the 
well. 

The method described by Bouwer and Rice (1976) is based upon modifications 
to the Thiem equation, with the use of an analog model. A straight line· 
is drawn through a semi-log plot of relative head versus time, and the 
hydraulic conductivity is calculated using the slope of that line and the 
geometry of the well and aquifer. The formulation assumes that draw-down 
of the water table around the well is negligible, that flow in the 

1 Hermit Environmental Data logger .. Model S£10008, 
In-Situ, Inc., Laramie, Wyoming 82070. 
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capillary fringe may be ignored, and that well losses are negligible. It 
is applicable to completely or partially penetrating wells in unconfined 
aquifers, but may be used for confined aquifers that receive water from 
the upper confining layer. 

In the NAVFAC method (1971), a straight line is also drawn through a semi
log plot of recovery data for unconfined aquifers. The method is based 
on the Hvorslev method. It assumes that the well is cased below the 
water table, and the ratio of the screen length to the well ral11us (L/R) 
is greater than eight. 

The Cooper, et al. (1967) formulation calculates the transmissivity of an 
aquifer by matching a plot of relative head (linear sclae) versus time 
(logarithmic scale) to one of a set of type curves. The method assumes 
that the change in head after a known volume of water is injected or 
removed is instantaneous and that the (non-flowing) well is screened over 
the entire thickness of an artesian aquifer. It is directly applicable 
to fully penetrating screened wells in confined aquifers, but may be used 
to determine the transmissivity of the portion of an aquifer over which a 
partially penetrating well is screened, assuming no vertical flow occurs. 

The Hvorslev method (1951) is based on a solution of the LaPlace equation 
and does not account .for aquifer storage. A straight line is drawn 
through a semi-log plot of relative head versus time. The time that 
would be required for complete equalization of head difference if the 
original rate of inflow were maintained (defined as the basic time lag, 
T0 , and equal to the time when H-h/H-Ho = 0.37) is used to calculate 
the hydraulic conductivity. The value of To is measured graphically, and 
the ratio of the piezometer length to radius is assumed to be greater 
than eight (l/R>8). 
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5.6. 
Hinweise zur Fehlersuche 
Fcl\lcr 

ll:uh:•iclcsl Detektor 
w:hlnichl 

l'unliliOilSICSI mil 
Go:n.::rator gehl nichl 

Gnncr.11or lielen 
no.:! II ocnuo Gas 

Am G•J•'erator 
l,~uchlo1l role LEO 
ht!un Tllsl aul 

10 

Hinweis 

Ballerien 
wechseln (5. 1.) 

a) Evll.rnil2.0elek· 
tor nachprulen, 
ob GeneralOt 
o. k., sonst b) 

b) Filterkappe 
wcchseln (5.2.), 
weno nicht ver· 
schmutzt, c) 

c) neue SensOtzelle 
einbauen (5.3.). 

Zelle beleuchlen, 
d. h. mit Feucht· 
hallekappe mervere 
Tage slehan 1.155811, 
sonst GeneraiOt· 
zelle wecl,seln 
(5.4.). 

Generatorballerie 
er5elzen (5.5.). 

6. 
Zubehorund 
Verbr:auchsmaterial 

Besleilllummern fur Verkaulseinheiten 

1. GasdeteklOt HCN 
Oigitalanzelge, 
2 Alarmschwellen mit 
Ooslmeter·AnschluB u 5306 203 

2. Zelle HCN mil fillerkappe u 5800103 

3. Fillerkappe HCN . 
(10 Stuck) U5810341 

4. Bauerle PX 23 (1 Stuck) u 4990 001 

5. GasgeneraiOI' HCN u 5390 300 

6. GeneratOtzelle HCN u 5620 300 

7. Kalibriergasadapter u 5900 108 

8. MoiJ!oirung: Eichen u 5900 112 

9. Olgilalvollmeter u 5900018 

10. StromoeneratOt u 5900 023 

11. Kallbrierkabelsatz 
lur Stromuenerator u 5900 125 

12. Protokollhell u 5900 004 

13. OhrhOrer u 5900 002 

- - - - - - - - - -
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Cins Detection and Warning System 
COM PUR 4100 SO Monltox HCN 

·r111: COMPUR 4100 SO Monitox Gas 
Ot..~lr.ction and Warning System comprises 
1 nas nclcclor {alarm unil wilh digilal 

display) 
:~ !las !Jtlnorator (lest unit) 
:l•:ou~>ole (recommended accessory) 
·I 11;;1cc:tolog (recommended accessory) 

1 he :;\·stem is especially designed lo 
1111nnlor lho TLV ol HCN. 

CAUTION! 
Allhounh tho <1 100 SO Monilox lor HCN has 
h·~·~" luohly simplified lor ease ol operation 
II\' 1111: usAr. il is nevertheless a complex 
.. ,,, .. ,~.unno inslrumenl which will operale 
.. ~h.Jhly only il these operating insuuctions 
;n•: carclully observed and illhe Instrument 
.,, .~hl:t:kcct regularly by the safely ollicer. 

·o 

- - - -

This appll~s in par1icular \o the regular 
replacement ollhe cells and dally lunctlonal 
tests. The responslbllily lor any changes 
made In the alarm threshold sailings must 
be borne enllrely by the operator; COM PUR 
recommends lila strict observance ollhe 
TLV. Since the unllla designed to be 
lnlrlnsically sale, all repairs must be made 
by the manufacturer or other approved 
personnel. 

COM PUR oilers the Instrument wilh the 
following laclory settings: 
lirsl alarm threshold • at TLV • 10 ppm 
second olarm threshold .. al 2 TLV • 20 ppm 

The detector cell will bo destroyed II I he 
detector Is permanenlly exposed to a HCN· 
concentration exceeding 1000 ppm. In lhls 
case the coli hils to be replaced. 

- - - -
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1. 
Technical Description of the 
COMPUR 4100 SO Monltox 
Detector for HCN 

1.1. 
Applications 
The COMPUR 4 tOO SO Monllox Is a 
personal monitor lor HCN. 

It Is designed to be worn all ached lo the 
clothing near the breathing zone ollhe 
p'lrson 10 be prolecled. The deteclor 
produces an audible lirst alarm when the 
HCN·concentration exceeds the TLV 
(lactory selling: \0 ppm) and a second 
alarm, whon it exceeds 2 x TLV . 

-

Independent ollhe alarm selling,the digital 
display shows the actual HCN· 
concentration In ppm (parts per million) 
In the nominal range ol 0 - 100 ppm HCN. 

In conjunction with the COM PUR 4102 
Ooslmeler,the unit can be employed to 
register HCN-concenlralions at canflned 
spaces ranging lrom 0 to 10 x TLV. 

The COMPUR 4100 SO Monilox cannot be 
used to measure process gas streams or In 
presence ol continuous high HCN· 
concentrations. 

- - - -

1.2. 
Mode of Operation 
Ambient air diNuses through the Iiller insert 
(a dus\ Iiiier) (5) to the measuring cell. The 
measuring cell, a dual-electrode 
electrochemical cell wilh an organic 
electrolyte gel, generales an ou1put current 
proportional to the partial pressure ol tiCN 
In the air. 

A series ol electronic amplifiers supply a 
voltage signal which is led to the 
comparator 101 the alarm threshold. lithe 
lirst alarm threshold Is exceeded, an 
lnlermlllenttone Is produced; ilthe second 
alarm threshold has been exceeded a dual
tone signal Is produced by the tone 
genera lOt and loudspeaker (Of earphone in 
very loud areas). The standardised analog 
signal corresponding to tho ac1ual HCN· 
concentrations {lhe TLV corresponds 10 
80 mV) can be led IO lhe Dosimeter. 

The same signal is fed 10 the AD-convener 
driving the digital display. The display is 
adjusted 10 give a reading ol 10 ppm at 
80mVInput. 

The 4100 SO Monitox consists oltwo 
separ.ale power circl.lils (via two miniature 
balleries): the circuit lor lhe analogue pari 
Is separat-ed lrom that lor-the alarm
generation. 

When the .. on·otl" switch Is moved to the 
,.Batt." position, \he balleries will be tested 
beiOte the Instrument is turned on. In this 
switch position, the batlerles are 
electronically tested under the high load ol 
the final tone stages. II one ollhe balleries 
fails to reach lhe predetermined lower 
thoorellcallimit, no alarm will be heard. 
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1.3. 

Technical Data for the COMPUR 4100 SO Monltox for HCN 

Conlormily cortilicale 

Silloty class 

Dimensions 

WniQht (with balleries) 

l'owor supply 

O;•llory service lite 

D•splily iange 

Alarm volume 

Alarm levels 

llcsponse time 

r imo lo alarm 20ppm 
50 ppm 

Co111ncction pos:.ibilities 
I 

To!ll\perature range 

llclalivc 1\umidity 

Zmo point drill 

So~oiSillvily dnfl 

~ .. l.vicc hie ol the cell 

. 22 

BVS82.013 

EExib II CT 6 

104,4 x 62 x 24 mm 

approx. 150 g 

2 X PX 23 (5,6 V) 

approx. 1000 h. 

1 0-100ppm 

min. 80 dBA I 30 em 

2 alarms, adjustable 

T20 < 10 I 
T80 < 3 min. 

< 15 I 
< 3a 

earphone, dosimeter 

o- 5o•c 
10°/e- 95% 

< 1 ppm I 6 months 

< 15%/6 monlllS 

min. 6 months (dependant on dose) 

1.4. 
Cross-sensitivities 

. _, 

Test com- Test Indication 
ponenls concentration lnppmHCN 

S02 5000 ppml40% rH 10 
N02 10ppm - 6 
NH~ 1000 ppm 10 
CO 1000ppm 
C02 1000ppm 
Ha 1000 ppm 
CH2:CHCN 10 ppm 
CH~ CN 200 ppm 
(CH~ N 500 ppm 17 

. CH) OH 200 ppm 
COCI2 5 ppm 10 
Cl2 10 ppm 5 
HQ towm 1 
H2 S 2 ppm 10 
Hydro-
carbona, 
saturated 2°/D vol. 
Hydro· 
carbons, 
unsaturated 1 °/o vol. 
Aromatic 
compounds 
(also 
alcylated) 200 ppm 

2. 
Technical Description of the 
C.OMPUR 4100 SO Monitox 
Gas Generator tor HCN 

2.1. 
Applications 
The HCN gos generator serves to onh&~olc:t 
lhe reliability ollhe Monltox oas diltection 
and warning system. The Monitox dotecto 
must undergo a luncllonaltest by placinu i 
on the generator before each use. The 
generation ol a gas concentration 
exceeding the TLVensures thai the detecu 
will respond reliably durino use (picture 2). 

The gas generator, however,ls not deslonu 
to generate a calibration gas of known 
concentration. Dally testing ol the Monito• 
detector does not mean that the user Is no 
recommend<td to change cell sequentially 

The COMPUR 4100 Gas Generator must 
not be exposed to or used In explosive 
atmospheres. 

N.B.: The generator cell may dry out at 
very low relallve humidity In the air. h 
lhis case, iC is necessary to put tile 
moisture cap delivered with the 
generator on lop of the generator 
always when il is not in use. 

This ensures a correct gas 
concentration tor the detector test . 

. 2:! 
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2.2. 

Mode of Operation 

lh.l swilch on lhJ generator is activated by 
pl<lcing I he detedor in lhe malching recess 
on lhA genera lor head. 

1\ :.mnlllan leeds! a llow of ail pasllhe 
qonor;uor cell direclly to lhe delector cell. 
AI 1110 samo limol gas Is genoroled 
l:loc&rolylically inllhe generalor cell In such 
ill I amount that the gas concenlralion Is 
h•Qh enough lo c~ause the detector to . 
respond wilhin 10 seconds (alarm 11\reshold 
10 ppm). The pehod of gas general ion Is 
u\tlicated by \he 1green LEO. 

. 2.3. 

The red LED lndicales when lhe ballery 
musl be replaced. 

Aller a 10 seconds lnler,al, gas production 
Is termlnaled and the fan conveys pure air 
untU \he detector Is removed. 

This functional lost of the deteclor checks 
any ollhe following defecla: 

clogging of the duslllllor 
a malfunctioning cell 
a malfunctioning eleclronlcs system 
a mallunctlonlng generator. 

Technical Data of the COMPUR 4100 SO Monltox 
Gas Generator tor HCN 

Ounens•ons I · 
Wcighl (incl. balleries) 

I 
Tcmporalure range 

Power supply I 
(io:noralor coli ser,lce lila 

I 
H:lllnry sctvice lila 

133 x 65 x 40 mm 

approx. 250 g 

o·c- so·c 
9 voll alkali ballery, leakproof, e.g. Mallory 1604 

approx. 3000 tests or lor \ year 

approx. 3000 tesls 

3. 
Use of the detector 
and generator 

3.1. 
Detector actuation and 
functional test 
Ballery Test 

.. ' 

Turn lhe swilch on the COMPUR 4100 SO 
Monllo~t lo ""Ball."'. If lhe ballery has 
sufficient power to operate the detector lor 

. elghl hours, an audible Qntermlltenl) tone 
will be heard. The LCD·disp\ay Is switched 
olf at the "Batt." test position. II no tone Is 
emitted, this Indicates that a I least one of 
the ballerles Is exhausled. For safely 
reasons bolh ballerles should be replaced 
(reler to secllon 5.1.). 

When the audible tone has been heard (to 
preser,e ballerles, lhe test should be as 
short as possible), the swllch Is moved to 
"ON". The tone will cease. The LCD· display 
Is operating now. It must show "0" ppm 
aller some seconds. 

Funcllonal Test (plclure 2) 

Place lhe do lector on top of the genera lor 
as Illustrated. 

As soon as the detector sounds Its alarm, It 
must be romoved lrom lhe generalor. The 
detector Is ready lor operation once the 
alarm has ceased. 

If the detector alarm does not sound within 
ten seconds the detectOt has 10 be cnecki!d 
and serviced. II necessary. the Iiiler cap has 
to be replaced (see point 5.2.). 

It Is advisable to record the test and 
assignment of the gas deleclor in lhe 
detectolog. 

The ballery test and lunctionaltest must be 
performed prior to each use 10 thus cnsur11 
maximum safely. 

During the gas testlhe LCD· display must 
show the response olthe cell to HCN· 
concentration as well. As the alarm 
threshold Ia factoryset at 10 ppm the alarm 
should sound at 10 ppm. As the display 
reads a new value every second. the limo 
lor alarm end display ol 10 ppm may be 
diNerent. 
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Jse of the Gas Detector 

lC QaS dei8CIOf ~ustlbe WOfn In the 
·nalhing zone of the p~son to be protecle.d 
ullhe Iiller cap (5) shOuld not be covered 
;'lnyway. I 

u.: 1ubbor lip on the carrying clip makes II 
lss•hlo to securely allach the Monilox 10 
1ictcs ol clothing (e.glthe breast pocket). 

I 
111as is not deemed adequately secure, the 
1ai1l supplied with th~ Monilox can be 
:cured in the holes of the carrying dup. 
us enables the Monitbx to be worn around 
o neck. 

I 
at all possible, the Iiller cap should be 
otected from water, dust-laden air or dirt. 
>lh, tho ballery and iunctionallesls (refer 
point 3. t .) should b~ per1ormed before 

•t clotcctot is put Into operation. 
1. 

IICN gas concentrauon In the vicinity of 
o sonsOt exceeds th

1
e set alarm value, the 

um will sound alter a delay dependent on 
u gas concentrallori (The higher the 
wlccntration, the mdre quickly lhe 
)MPUR 4100 SO Mbnilox wiU respond). 

•c alarm sounds at a! level of alleast80 dB 
a thstance of about30 centimeters 
? i•lchos). 

3.3. 
Connecting the Earphone 

When lhe detector Is being utilised In an 
area with high background noise, the 
optional earphone should be used to be 
sure thai the alarm will not go unnollced. 
The earphone Is connected to the earphone 
socket (9) on the detector. This socket 
disconnects the Internal loudspeaker. lithe 
earphone Is being used, ills Important that 
the tests also be conducted with the 
earphone plugged Into lhe detector (relar to 
poinl3.1.). When the earphone Is not being 
used, the socket should be closed wllh the 
plasllc plug. 

3.4. 
Connecting the Dosimeter 
The COM PUR 4102 Mini-Dosimeter can be 
connected to the 4100 SO (refer to 
operating Instructions lor the 4102). 

The generator teal can also be carried out 
with the Dosimeter connected to the 
COMPUR 4100 SO illhe detector is turned 
tao- about lis longitudinal axis relative to 
the position shown In point 3. 1. and then 
placed on the generator In I hal way ,lhallhe 
cell fits Into the recess on the generator. 
The luncllonal testis then started by 
pushing the generator bullon with one's 
linger. 

The plug should be replaced In the 
Dosimeter socket whenever the Dosimeter 
Is not being used. 

r 3.5. 
Digital Display 

Additional 10 the warnlng·lunclion ollhe 
COMPUR 4100 SO Monilox lis digital 
display (6) gives o direct reading olthe 
actual HCN concentration. 

Thus ills possible to determine HCN· 
concentrations below and above the TLV· 
level, giving the skilled worker and Industrial 
hygienist the means to detect unusual 
conditions of HCN-concentrations with 
high accuracy and resolullon. 

The COMPUR 4100 SO Monilox is, however, 
even with its digllal display, primary a 
measuring and warning device lor personal 
prolecllon .. 

It haa not been designed lor measurement 
In process-control; moreover exposures to 
high HCN-concentratlona lor any length of 
time must be avoided, as the accuracy of 
the reading will suNer. 

3.6. 
Detector Deactivation 
and Storage 

a) brief parlod of inactivity (up to a month) 

lhe delectOI' Is deactivated 
(switch to "OFF") 

b) Prolonged lnaclivily and storage 

Ills advisable to open the Monitox and 
remove both the cell and balleries, to 
provide them from leaking and corroding 
the Interior of the Monilox (refer to the 
sec lions on cell and banery replacement 
5.3.). 

BeiOfe reullllz.ing the Monllox a new cell 
has to be Installed. 
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4. 
Calibration Instruction for the 
detector COMPUR 4100 SO 
Monitox I · 
ro .~nhance tho l~lrinsic accuracy of the 
ilntcc:101 lor HCN it is necessary to calibrate 
the ncr oct()( oith~r with a HCN nllrogen 
'"'~hun with clelihile concontralion ol HCN 
u• mako an otectr'onic adjustment by means 

I 
nl thll COM PUR current genera lOt 
lJ 5!)00 023. 

tl-. 1. 

1\ccessories required 

I. I. I. 
C01librillion wllh gaa 

. I 
.11 c:nti11ra11on cap to place on1o Monilox 

:'1 llow motcr I 
-:) millivollmoter 0 - 2000 mV; 

input resislante Oll 1 M 0 
I 

;t) luhinQ. sel of test cables, screw·driver 
. . I I ::) Cilhbrallon gas, known concenlral on, 

ahoul 10 ppm1 HCN in pure N1 
I 

lit'! mark: The gonoration and above all the 
stabilily lime ol HCN calibrallon 
gas islnol wilhoul problems. So 
il only a small number ol 
deleCIOis are to be calibrated, 
I he electronic mel hod should be 
prelor~d. 

I. I .2. I 
Cialibralion - Eloctronlcal Method 
JliC:luro 6 and 7)\ 
1) t:alibration unil (currenl generalor) 

:1) millivollmelor\o- 2000 mv, 
trl(lul resislance jll. 1 M 0 

I . 
:) sol ol lest cables, screw·drtver 

/';·----..., 
--, 

4.2. 
Zero calibration and gain 
adjustment with calibration gas 

4.2.1. 
Preparation 

The Monitox is opened and posilioned with 
lhe eleclronlc components upward on a 
non· slip sUI'Iace. The cover wllh lho digllal 
display Is carefully pul aside wilh the 
display upward. 

Then the unllls switched on via "Batt." 
position to "ON". The LCO-display should 
rood 00 ppm alter several seconds. 

The excellent zero-point stability olthe cells 
wiU nOtmally make unnecessary to adjust 
the zero· point. Deviations I rom zero are 
caused mostly by fault sensor cells. 

For zero·checklng remove sensor cell. 

4.2.2. 
Zero·Adjustment 

Connect Millivoltmeter to tie down point 
(MP 2) and GNO (MP 1) (pic lure 6). lithe 
reading Is nol zero In clean air, and also Is 
nol zero wilhoul sensor cell, polonllomeler 
(A 9) (oil set vollago) hDa lobo voriod unlil 
the reading Is zero. 

Nola: II reading Is zerowilhoul cell and not 
zero wilh tho cell, II may need up to 
one hour to stabilize the cell. II a cell 
has been removed lor a longer 
period without short·cltcuiting the 
two COI'Inectors, the lime to stabilize 
may be up lo one day. A now cell 
lherel01e has short-circuli on lhe 
small pcb,that musl be broken away 
belore Inserting lhe cell. 

--- ------
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4.2.3. 
Gain AdJustment with gas 

The special calibralion adaplet is tightly put 
onto the duslliller on top of the detectOt cell. 

AdJust a calibratlon·gas llow lhtough lhe 
calibralion cap; llow rate should be approx. 
100 ccm per mlnule and the Inlet must be 
the smnller pipe; to avoid pressure 
varlalions lhe oullel should be free ol 
obslactes. Allei 5 mlnules the display of the 
Monllox has teached its final value. 

CoMect millivoltmeter to tie down point 
(MP 2) and GND (MP 1). Depending on the 

· concentralion olthe calibrallon gas the 
following voltage should be displayed: 
(adJust by means ol pot A 7) 

[c) In ppm . 
U • x80mV 

10ppm 

The display ollhe Monilox must show lhe 
gas concenlrallon. In lhe opposlle, adjust 
pol (A 15) until correct reading is shown. 

4.2.4. 
Galn·Adjustment wilh the current 
calibrator 

Each dotcclor cell produced by COM PUR 
Is supplied wllh an indicnlion ol lhe oulpul 
currenl al 10 ppm HCN. (Never throw away 
packlngs ol replacemenl cells bel ore 
having noled this lndicalionlll) 

Remove deteclor cell. Insert calibrallon 
cable with the plug board Into plug 
connectot 101 detector cell. The gold 
contacts must touch lhe spring contacts. 
CoMect other side olthe cable to the 
current genoralor. 

Make sure of correct polarity of plugs. 
Switch on generaiOI', turn button till 
generator display shows oulpul current of 
deteclor cell. 

Remark: Display always shows actuill 
value ol current. II il is zero. 
check !he con1ac1sl 

Connect vollmeter to lie down point (MP 4.'1 
and GNO. Adjusl sensibility by means ol 
pol (A 7) unlll 80 mV Is oisplayed. Monitox 
must now display 10 ppm. In opposite. 
ndjusl pol (A 15). 

4.3. 
Setting the Alarm thresholds 

The alarms of the standard version are 10 be 
set on 10 ppm (first alarm 1 TLV) and 20 ppm 
(second alarm 2 x TLV). 

To selthe alarm levels, push the 2 mini
switches (S 1) to the right. The display ollho 
Monilox shows now lhe level of lhe lsi 
alarm lhteshold. This can be adjusrod by 
means of the polenliomeler (A 30). 

To adjustlhe 2nd alarm level, push lhe 
upper switch to !he tell. Tho display shows 
now the 2nd alarm lhreshold. This can bo 
adJusled by means of lhe polenliomctcr 
(R29). 

Aller having adjusted I he alarm levels, push 
both mini swllches lo lhe tell. The Moniro~ 
display shows now the aclual concenlratior 
oiHCN. 

4.4. 
Concluding the adjustment 
operations 

Alter the settings have been made, turn lho 
swilch on the pcb to "OFF"-posllion. Make 
SUI'e thai the swllch-handte on lhe cover is 
also In the "OFF"-posilion .. Then carefully 
replace the cover and lold lhe connecting 
cable between pcb and display so thai il is 
neilher squeezed In n01 cracked. Tlghlen 
the screws. The Monilox is now ready lor 
opera lion. 
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5. 

Maintenance and Servicing 
Instructions 

5.1. 

Battery Replacement 
t. Turn switch (7) loi"OFF". 

I 
:?. llomove three screws (12). 

I 
:1. Turn detector over and remove front 

cover. J 

Allenllon: Do n~l allempllo rerpove lhe 
cable between f~onl panel and pbcl 

·t. Lill out bauery housing, disconnect plug. 
I 

5. Unscrew and remove ballery lids. 
Replace ball erie~ wilh .-polelowards lid. 
neplilce lids. I 

fi. Ptug·in ballery plug. Ensure cable, and 
Cilble socket in tight position. · 

I 
7. Replace bat.lery,houslng and Iron\ cover, 

Cilrefully ad1us1 lhe cable ollhe lronl 
panel, so thai it is nol damaged by fixing 

I • 
tho front panel; lhen ltghlen lhe screws. 

I 
fl. ncpeal ballery lest 

5.2. 1 

Filler Cap Replacement 
I . 

I. llt:move screws (7) (paclure 4) and open 
cfotcctor. I 

2. C:arolully remoo...;e sensor cell together 
woth filler cap (5). Pull cap oil cell (4). 

:1. AlliiCh new fillJr cap (wilh idenlical gas 
lill>el HCN) andJ return sensor cell to 
origonal position. 
filler Cilp orderJnumber appears on plate 
allilched to inside of front panel and Is 
hslod in secliori 6. 

I . 
·I. 1\~plilcc front cover and lighten screws 

I 
~. nunr.al por1ormance lesl. 

5.3. 
_Sensor Cell Replacement 

1. Open deleclor (see 5.1.). 

2. Remove cell together wilh Iiller cap. 

3. Remove new cell and Iiller cap I rom 
storage container, pulllransparenl cap 
oft the cell and replace lhls by the now 
filler cap. Correct position olliller cap Is 
shown In illustration. 
Remove short-circuli protection 
allached Ia pcb by breaking il away. 

4. Proceed current calibralion (4.2.4.). 

5. Replace sensor cell with Iiller cap In 
proper poslllon. 

6. Close Monllox. 

5.4, 

Generator Cell Replacement 
(picture 5) 

1. Open housing 
(as when replacing ballery) 

2. Unsolder I an leads (10). 

3. Loosen lour screws (\1) and lhree 
screws (12). 

4. Remove oullet, gas cell and fan through 
lhe Irani. 

5. Carelully Insert replacement unll 
u 5820 300 conslsllng ol oullel, cell and 
tan and lighfen screws (12). 

6. Tighten screws (11). Align circuli board 
so thai pin (13) reliably actuates swilch 
(14) when gas del ector auachecl. 

7. Resold Ill I an leads (10). 

8. Reassemble generalor and lighlon 
screws. 

9. Tesling: Use properly lunclionino gas 
detector lor same gas. Swilch to "ON", 
a1111ch. Alarm musl sound aller aboul 
eight seconds. 

5.5. 6. 
Generator Battery Replacement Accessories and consumables 

Loosen lour screws on rear housing panel. Part Numbers 
Carelully remove lronl cover. For correct 

1. Gas detector digital poslllonlng ol ballery, reler to illuslralion 5. 
display, 2 alarm 
ttvesholds with 

5.6. Dosimeter output u 5306 203 

Troubleshooting 
2. HCN cell with Iiiier cap u 5800 103 

Malfunction Remedy 
3. HCN filler cap (10 pes.) u 5810 341 

Ballery lest: Replace balleries 
4. Ballery PX 23 (1 pc.) u 4990 001 

.no response (5.1.) 5. HCN gas generator u 5390 300 

Generator lest: a) Repeat test using 6. HCN generator cell u 5820 300 
no response 2nd detector, II 

7. Calibration gas adaple; u 5900 106 no response, b) 
b) Replace Iiiier cap 8. Measuring cable: 

(5.2.), lr not calibration U5900112 
dirty, c) 

9. Digital Vollmeter u 5900 018 c) lnsell new sensor 
cell (5.3.) 10. Current calibrator u 5900 023 

Generator does not Use moislurlzlng 11. Calibration cable used 
supply enough gas cap lor several days, In connection with 

otherwise replace current calibrator u 5900 125 
generator cell (5.4.). 

Replace generator 
12. Oetectolog u 5900 004 

Red LEO lights up 
during test balleries (5.5.). 13. Earphone u 5900 002 

31 

.J/Iiii · ~ ·t'ZJZJli'S'f.i"mM!t~!ii!Gf.~!m~~!!:&.liiilli&\f!!"'!:illi!fii;ctW'r:J.ttt.iCtl5\'~'-!l:lU.r.::wt:rr"'21"" ... lWE'·f.!''i~l+rE~t'!lt!l!r1:?*'.tr"'if'~. ::1?5'T'*'.r. ·:· ~ '~" ,.._ --·,·-· ... _.-.·~-·)~--··' - ··~·'·.--•\1? .. -..: .... ._. ..... _ ... ~ ··•·\!:-·····=·-c,~·-_¥ .. .r ...... : ........ 

------ ----- _ __ _ __ , t r l 




